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MASSIVE BLOOD REPLACEMENT 


V. Failure to Observe Citrate Intoxication 


WILLIAM S. HOWLAND, M.D., J. WELDON BELLVILLE, M.D., 
MARJORIE B. ZUCKER, Ph.D., PAUL BOYAN, M.D., and 
EUGENE E. CLIFFTON, M.D., New York, New York 


“CITRATE INTOXICATION” has been the sub- 
ject of clinical and laboratory investigation 
since the advent of the modern blood bank 
with its ready supply of citrated whole 
blood. For a considerable period of time 
these investigations were mainly of aca- 
demic interest. Adams in 1944 concluded 
that ‘“‘a large margin of safety is present 
even in massive transfusions of citrated 
whole blood.” However, the maximum rate 
of blood infusion in patients investigated by 
Adams at that time was 1,250 milliliters 
per hour. War injuries, cardiovascular sur- 
gery, and radical cancer operations often 
require massive quantities of blood and 
therefore have placed the problem of 
citrate intoxication in the realm of clinical 
reality. Before deciding whether other meth- 
ods of preserving and storing blood are 
desirable, it is necessary to clarify the effects 
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of citric acid upon the cardiovascular sys- 
tem and the clotting mechanism in the 
human being. 

Acid citrate dextrose Acp solution, the 
anticoagulant used in bank blood in this 
country, is a source of considerable exoge- 
nous citrate acid. The most common ACD so- 
lution used is solution B of the National 
Institutes of Health. This solution contains 
13.2 grams of trisodium citrate, 4.9 grams of 
citric acid, and 14.7 grams of dextrose dilut- 
ed to 1,000 milliliters with distilled water. The 
citrated bank blood administered in the 
series reported in this article contained 120 
milliliters of this solution in each bottle, or 
an equivalent of 1.43 grams of citric acid 
for each unit of blood.' 

The concentration of citric acid in the 
nonred cell mass portion of bank blood 
(plasma plus acp solution) cannot be cal- 
culated accurately from the total citric acid 
per unit of blood because of the varying 


1One unit of bank blood refers to  promper wim 4 480 milliliters 
of donor blood plus 120 milliliters of acp solution. 


29 
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TABLE I.—CITRIC ACID VALUES IN PATIENTS WITH 
ABNORMAL LIVER FUNCTION 


Patient Citric acid BSP Ceph. floc., Thymol turbidity, 
in mgm. per cent ret., per cent 48 hrs. units 

A 2.0 11 

F.E. 0.1 3 3+ 1.32 

C.E. 0.1 a+ 1.10 

B.C, 0.3 10 

RJ. 0.7 24 * 0.50 

YF, 0.4 21 

M.S. 0.4 0.40 

F.P. 0.2 16 

Tek 0.2 0.35 

R.G. 0.9 0.92 

A.l. 0.7 0.40 

B.S. 1.6 8 

BJ. 0.7 2 0.56 

B.O. 2.2 5 0.33 

Ww.O. 0.3 46 

G.R. 0.2 13 

S.M. 0.4 0.39 

F.L. 0.2 9 

S.D. 0.1 6 0.26 

A.B. 0.2 2+ 1.33 

D.A. 0.6 13 

M.B. 0.1 17 


hematocrit of donor blood, the noncon- 
stant amount of blood added to the acp 
solution, and the swelling of the red cells 
which occurs in the anticoagulant solution. 
Our determinations showed that the “‘plas- 
ma” citric acid of banked blood varied 
from 300 to 450 milligrams per cent and the 
washed red cells contained less than 1 milli- 
gram per cent of citric acid. In view of these 
variations, only the total equivalent amount 
of citric acid (1.43 gm.) in a given unit of 
blood can be utilized in determining the 
amount of exogenous citric acid admin- 
istered with each unit of blood replacement. 

Citric acid occurs endogenously and is a 
part of the Kreb’s cycle (tricarboxylic acid 
cycle or cycle of terminal respiration). Its 
precursors are oxalactate and “‘active” ace- 
tate. A large quantity of citric acid is me- 
tabolized by muscle, the main site of carbo- 
hydrate metabolism, and it is readily metab- 
olized through the stages of cisaconitic and 
isocitric acid in the presence of the enzyme 
aconitase. A daily oral intake of 40 grams 
of citric acid is oxidized completely in the 
body and is normally excreted in the urine 
at the rate of 0.20 to 1.0 gram per day. 
Whereas the excretion of citrate is decreased 
by parathormone, jaundice, severe liver 
disease, and thiamine deficiency, it is en- 


hanced by alkalosis and the administration 
of bicarbonate, succinate, pyruvate and 
malate ions. 


METHOD 


In this report, the plasma citric acid? 
levels were determined by the Elliott modi- 
fication of the method of Natelson, Pincus, 
and Lugovoy, as adapted for the Beckman 
DU spectrophotometer. 

Plasma citric acid levels were determined 
in preoperative patients, in those with liver 
disease, in those to whom Acp solution was 
administered intravenously, and during and 
after blood transfusion in patients under- 
going surgery, and during gestation. 

1. The normal values were obtained from 
120 patients prior to the administration of 
anesthesia, but after the patient had received 
the usual preoperative medication that 
would have been selected for the partic- 
ular patient and operation. 

2. Blood samples for citric acid determin- 
ation were obtained in 22 patients who had 
abnormal liver function as measured by the 
bromsulphalein, cephalin flocculation, or 
thymol turbidity tests. These samples were 
obtained at the time blood was drawn for 
the liver function tests. 

3. AcD solution (solution B of the National 
Institutes of Health) was administered to 3 
patients anesthetized with thiopental ni- 
trous oxide oxygen anesthesia and main- 
tained at electroencephalographic level 2. 
Continuous electrocardiographic tracings 
were obtained during, and up to 40 min- 
utes after, the administration of Acp solu- 
tion. The acp solution was administered 
intravenously at rates up to 40 milliliters 
per minute (8.6 mgm./kgm./min, citric 
acid) for 20 to 30 minutes, and venous sam- 
ples were drawn from the opposite arm at 
regular intervals for citric acid, calcium, 
and potassium determinations. In 1 of these 
patients the following blood clotting studies 
were done: bleeding time, platelet count, 
prothrombin time, concentration of factor 


*Citric acid refers to the anhydrous citric acid CgH0;, molecus 
lar weight, 192.1. 
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V (accelerator globulin) factor VII (pro- 
convertin), prothrombin consumption, fi- 
brinogen, euglobulin fibrinolytic activity, 
whole clot lysis, and antiplasmin. The meth- 
ods used for these determinations are de- 
scribed in another article (23). 

4. Plasma citric acid levels were deter- 
mined on 77 patients during the transfu- 
sion of citrated bank blood. These patients 
received varying amounts of blood through- 
out the operative and recovery periods. 
When possible, venous samples were drawn 
before anesthesia, after the start of anes- 
thesia, after the start of the operation, and 
at varying intervals throughout the opera- 
tion, and during the recovery period. All 
samples were taken from an extremity other 
than that used for blood administration. 
During the 3 days following surgery, urine 
samples were collected from 3 patients who 
had received large quantities of citrated 
blood. These were analyzed for citric acid. 

5. Blood samples for citric acid deter- 
minations were obtained from pregnant 
women. Six women were studied in the 
first, 54 in the second, and 55 in the third 
trimester of pregnancy. 


RESULTS 


One hundred and twenty-seven preoper- 
ative patients were studied, and the mean 
normal plasma citric acid levels were found 
to be 0.80+0.8 (s.d.) milligrams per cent 
for men and 1.08+0.9 (s.d.) milligrams per 
cent for women. 

The results of the liver function tests and 
citric acid determinations in 22 patients are 
shown in Table I. The citric acid values 
were not appreciably elevated in the pres- 
ence of abnormal liver function. The mean 
value for these patients was 0.57+0.47 
(s.d.) milligrams per cent. 

There was a variation in the mean plasma 
citric acid level during the 3 trimesters of 
pregnancy. The mean values were: for the 
first trimester, 2.36+2.5 (s.d.) milligrams 
per cent; for the second trimester, 2.04+1.5 
(s.d.) milligrams per cent; for the third tri- 
mester, 1.4+.27 (s.d.) milligrams per cent. 


CONTROL LEVELS 60kg F 
8.6 mgm/kg/min of 


ACD INJECTED -40cc/MIN CITRIC ACID INFUSED 
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Fic. 1. QT; interval and plasma citric acid, potassium, 
and total calcium during the infusion of acp solution. 


There is a significant difference between the 
mean plasma citric acid levels for the second 
and third trimesters (t=1.88, for Po.os 
t=1.98). 

The 3 patients who received acp solution 
received an equivalent of citric acid at rates 
of 6.25 to 8.6 milligrams per kilogram per 
minute. In all patients, there was a marked 
increase in the plasma citric acid level, the 
peak of which coincided with the termina- 
tion of AcD administration. At the same 
time, there was an increase in the serum 
calcium and potassium level and a prolon- 
gation of the corrected QT interval as deter- 
mined from the electrocardiogram. At no 
time was there any sign of tetany or hypo- 
tension. In a representative patient (Fig.1) 
who received citric acid at the rate of 8.6 
milligrams per kilogram per minute, a rap- 
idly elevated plasma citric acid level (79.6 
mgm. per cent) was obtained at the time the 
ACD solution infusion was discontinued. This 
elevation was followed by a progressive fall 
in the plasma citric acid level until an al- 
most normal value was obtained 40 minutes 
after the injection of the acp solution (60 
minutes after the start of experiment). Al- 
though no calcium was administered to this 
patient, the total serum calcium levels rose 
from a preoperative value of 8.4 to a high of 
9 milligrams per cent shortly after the dis- 
continuance of the injected aAcp solution. 
The point of return of the patient’s serum 
calcium level to the pre-experimental value 
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TABLE II.—CLASSIFICATION OF PATIENTS RECEIV- 


ING BLOOD 
Units of blood No. of patients 
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coincided with the return of the plasma 
citric acid level to almost normal. Concomi- 
tantly, in this period, the serum potassium 
values also rose with the citric acid levels, 
although there was considerable lag in the 
development of the highest plasma potas- 
sium level, which eventually declined to the 
normal control value. As can be seen, the 
patient’s corrected QT interval was pro- 
longed and the highest recorded QT inter- 
val coincided with the highest citric acid 
level in this patient, but returned to a nor- 
mal value before the plasma citric acid. The 
clotting determinations which were done at 
least every 10 minutes during this study 
showed no significant changes. 

There was considerable variation in the 
plasma citric acid levels which were deter- 
mined in patients receiving citrated bank 
blood during anesthesia, operation, and the 
recovery period. In patients to whom the 
blood was administered slowly, plasma ci- 
tric acid levels were often not significantly 
elevated. The amount of blood given to the 
77 patients studied who received transfu- 
sions is shown in Table II. Patients who re- 
ceived blood rapidly invariably had ele- 
vated plasma citric acid levels. The rate of 
blood infusion was the most important fac- 
tor in determining the peak level of the 
plasma citric acid; the total amount of 
blood administered was less significant. 

When the rate of infusion of citric acid 
was Calculated in milligrams per kilogram 
per minute’ (Fig. 2), it was found that a 
higher citric acid value was obtained at the 
higher rates of infusion. As a rule of thumb 


‘In calculating rates of citric acid infusion, the following 
equivalent total amounts of citric acid were used: antihemophil- 
iac plasma (AHP) 250 cubic centimeters=1,200 milligrams. 
Serum albumin, 25 grams=50 milligrams. 








it was found that for rates of citric acid infu- 
sion up to 8.6 milligrams per kilogram per 
minute, the plasma citric acid was elevated 8 
milligrams per cent for every 1 milligram 
per kilogram per minute of citric acid infu- 
sion. The exact relationship between rate of 
citric acid infusion and plasma citric acid is 
being more fully investigated and will be 
discussed in a subsequent article. 

The turnover time of citric acid was found 
to be very short. Therefore, it is important 
to obtain blood samples during maximum 
infusion rates to appreciate the peak plasma 
citric acid level. The plasma citric acid 
levels of 3 illustrative cases are shown (Figs. 
3, 4, and 5). 

The highest plasma citric acid value re- 
corded in our series was 173 milligrams per 
cent (Fig. 3). It was observed in a patient 
who received citric acid at a rate up to 4.8 
milligrams per kilogram per minute (14 
units of blood per hour Fig. 2). This patient 
was in profound shock and required rather 
rapid blood replacement. The blood sample 
obtained 2% hours after the start of blood 
administration was obtained from the infe- 
rior vena cava. When the shock was cor- 
rected and rate of blood replacement 
slowed, the plasma citric acid level in this 
patient decreased. Clotting studies on this 
patient are reported in other articles (Pa- 
tient W. W., 23, and Patient 3, 24). 

The rapid variation of plasma citric acid 
levels due to alterations in the rate of admin- 
istration of citrated blood or plasma can be 
seen from the record of Patient 22 (Fig. 4). 
The highest plasma citric acid value was 
obtained when blood was given most rap- 
idly (3.8 mgm./kgm./min. of citric acid). As 
the rate of administration decreased the 
plasma citric acid level fell (6.4 hrs.), only to 
increase again when the infusion rate of 
citrated blood increased (7 hrs.). 

Urine specimens were obtained on this 
patient for the 3 days following surgery and 
analyzed for citric acid. The results are 
shown in Table III along with the urine 
citric acid values obtained in Patients 37 
and 59. In spite of the infusion of a large 
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amount of citric acid, the urine citric acid 
excretion was not markedly elevated. 

Plasma citric acid levels obtained on a 
patient undergoing partial hepatectomy are 
shown in Figure 5. Again, the highest plas- 
ma citric acid value, 44 milligrams per cent, 
was obtained at the time of the most rapid 
infusion of citric acid, 3.7 milligrams per 
kilograms per minute. When the infusion 
rate of blood was slowed, the plasma citric 
acid promptly fell in spite of the fact that 
approximately one-half of the patient’s 
liver had been removed by this time. 

The slope of the decay curve of plasma 
citric acid is an indication of the rate of 
metabolism of citric acid. This slope is about 
the same as that observed in other patients 
who received similar quantities of blood at 
the same rate (24). The removal of a large 
portion of the liver did not seem to impair 
the ability to metabolize citric acid. How- 
ever, as the wound was being closed, there 
was an oozing from the subcutaneous tis- 
sues and muscles. This oozing occurred 
despite the administration of 10 grams of 
calcium gluconate during the procedure. 
Blood clotting studies showed that this ooz- 
ing was due to fibrinolysis and low fibrino- 
gen. Clotting studies on this patient are 
reported in another article (Patient 4) (24). 

Eighteen of the 77 patients studied dur- 
ing anesthesia and surgery developed clin- 
ical evidence of vascular oozing during the 
operative period. Clotting studies were ob- 
tained on these patients and are reported in 
detail elsewhere (23, 24). Two of these 18 
patients in whom oozing was observed had 
received no blood, while 1 patient had re- 
ceived 9,000 cubic centimeters (15 units) 
in 2 hours. The plasma citric acid level in 
these patients varied from 1.3 milligrams 
per cent in a patient who received no blood 
to 173 milligrams per cent in the patient 
who received 30 units. The elevated plasma 
citric acid was secondary to the rapidity of 
bank blood infusion. There was no direct 
correlation between plasma citric acid level 
and oozing. All instances of oozing could be 
accounted for by changes in clotting fac- 
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PINTS OF BLOOD/HR. VS. RATE OF CITRIC ACID INFUSION 
VS. WEIGHT OF PATIENT (KG) 
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Fic. 2. Relationship between rate of bank blood trans- 
fusion and equivalent citric acid infusion. 


tors. It should be emphasized that high 
plasma citric acid values, up to 44.7 mil- 
ligrams per cent, were observed during sur- 
gery in patients who did not exhibit vascu- 
lar oozing. 


CITRIC ACID VALUES OBSERVED 


Citric acid is a normal constituent of 
blood plasma. Its concentration in plasma 
has been variously reported as 2 milligrams 
per cent and 1 to 2.5 milligrams per cent. 
We found the mean citric acid level for men 
to be 1.08+0.9 milligrams per cent and for 
women, 0.80+0.8 milligrams per cent. 
Some workers calculated citric acid as the 
monohydrate so that their values would be 
slightly higher. Values obtained by Thun- 
berg’s method have been reported to be 
slightly higher than those obtained by the 
pentabromoacetone method. Our values 
were from fasting preoperative patients and 
since fasting levels are lower than those 
postcibum, they are consistent with values 
which were previously reported by Mar- 


tensson. 
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Fic. 3. Plasma citric acid levels observed in Patient 3. 


Elevated plasma citric acid levels have 
been reported in patients with liver disease. 
In our study, we found the mean plasma 
citric acid in patients with liver disease to be 
0.57+0.47 milligrams per cent. Most of the 
patients in our series who had abnormal 
liver function tests had metastatic carci- 
noma to the liver. The patients with liver dis- 
ease studied by Bunker and associates suf- 
fered predominantly from cirrhosis. Mar- 
tensson showed that the liver was not neces- 
sary for metabolizing citric acid in the body. 
Therefore, it may be that metabolic disturb- 
ances associated with cirrhosis impair citric 
acid metabolism and might account for this 
discrepancy. 

A significant difference between the cit- 
ric acid values occurs during the second and 
third trimesters of pregnancy. This is not in 
agreement with earlier work that showed no 





change in the citric acid during pregnancy 
until just before the onset of labor. Shorr, 
Bernheim, and Taussky suggested that a 
relationship exists between progesterone 
levels and citric acid. From their work one 
would expect an increased plasma citric 
acid during gestation. 


CARDIAC DISTURBANCES 


The adverse effects of massive blood re- 
placement have been reported as disturb- 
ances of cardiac function and failure of the 
blood clotting mechanisms (5, 10, 11). 

Ventricular fibrillation and cardiac asys- 
tole have been the most serious cardiac 
complications (11). Premonitory electro- 
cardiographic signs of impending cardiac 
disaster have been prolongation of the QT 
interval, widening of the QRS complex, 
elevation of the T wave, and bradycardia. 
These electrocardiographic changes have 
been reported to occur with hyperkalemia 
and hypocalcemia. Ventricular fibrillation 
will occur in nontransfused patients with 
depressed calcium levels, lowered px, hypo- 
thermia, and elevated potassium levels. Ci- 
trated bank blood could create most of these 
disturbances. The plasma of stored bank 
blood will contain varying amounts of po- 
tassium depending upon the duration of 
storage, and potassium levels as high as 15 
milligrams per cent may be approached. 
Bank blood is stored at 4 degrees C. and, 
when given in the operating room, is seldom 
above 6 to 10 degrees C. This can result ina 
lowering of body temperature. The px of 
bank blood is usually 7.0 or below, and this 
can contribute to the development of aci- 
dosis. The oxygen dissociation curve of pa- 
tients after transfusion is shifted to the left 
so that oxygen transport and carbon diox- 
ide uptake may be impaired. Thus, during 
the rapid infusion of bank blood, multiple 
factors acting together may contribute to 
the development of cardiac abnormalities. 

It would appear, from the data obtained 
in patients receiving the acp solution at 
rates of 6.3 to 8.6 milligrams per kilogram 
per minute, that citric acid per se is not the 
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Fic. 4. Plasma citric acid levels observed in Patient 22. 


etiologic factor in the development of car- 
diovascular abnormalities occurring during 
massive blood replacement, although it 
may contribute to their development. Cer- 
tainly, the administration of acD solution 
will result in a prolongation of the electro- 
cardiographic QT interval. This prolonga- 
tion of the QT interval following citrate 
was reported by Krautwald and Dorow. 
These investigators infused sodium citrate 
at different concentrations and at rates up 
to 8 grams in 4 minutes, in 25 conscious 
human volunteers. In addition to QT chan- 
ges, they also observed tetany and clouding 
of consciousness. Total plasma calcium was 
not reduced during tetany; but the admin- 
istration of calcium chloride would imme- 
diately counteract the symptoms produced 
by sodium citrate infusion. Chang and Free- 
man observed an increase in plasma total 
calcium when sodium citrate was infused 
into dogs. An increase in total calcium in 
humans receiving ethylene-diaminetetra- 
acetic acid has also been reported. Our ob- 
servation of an increased total calcium dur- 
ing ACD infusion in humans would confirm 
these results. Ames, Syllm, and Rapaport 
observed that there was a lack of correlation 
of the QT interval with plasma citric acid 
levels, since the QT interval returned to nor- 
mal prior to the return of plasma citric to 
normal. Our observations confirm this 
work. When acp solution was infused (Fig. 
1), the QTc interval increased as the plasma 
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Fic. 5. Plasma citric acid levels observed in Patient 4. 


citric acid rose, but it returned to normal 
before the citric acid level did. It is possi- 
ble that the citric acid bound ionized cal- 
cium so that additional calcium was mobi- 
lized from bony stores. Calcium exchange 
occurs very rapidly and follows an exponen- 
tial function. Initially, it is possible that this 
could not compensate entirely for the re- 
duction in ionized calcium produced by cit- 
ric acid, or that it could not take place rap- 
idly enough to keep the ionized calcium 
level within normal limits. Later (30 min- 
utes, Fig. 1) the QT¢ returned to normal 
while the plasma citric acid was still ele- 
vated, presumably because the total calcium 
had increased sufficiently to bring the ion- 
ized calcium within normal limits. We be- 
lieve future investigations will show that the 


TABLE III.—URINE CITRIC ACID EXCRETION IN 
MILLIGRAMS PER 6 HOURS 
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QTc is correlated with the ionized calcium 
level during the infusion of citric acid. 


IONIZED CALCIUM AND CITRIC ACID 


Total calcium, protein, magnesium, and 
citric acid values have been measured and 
from these values attempts were made to 
calculate the ionized calcium by means of 
nomograms of McLean and Hastings. The 
results are not entirely consistent. This in- 
consistency may have arisen because the 
effect of pH on ionized calcium was disre- 
garded. McLean and Hastings calculated 
from the factors of Van Slyke, Hastings, Hil- 
ler, and Sendroy a ratio for A Catt/, pu 
of -0.36. However, they were unable to 
demonstrate a change in Cat* concentra- 
tion of this magnitude for a change in pu. 
Recent work by Poulos (17) showed a mean 
value of -0.36 for A diffusible Ca/, px. 
Assuming the majority of diffusible calcium 
to be ionized, this means that a decrease in 
px of .014 would cause an increase of Catt 
of .05 millimol per liter. Thus, studies in 
which ionized calcium was calculated and 
pu changes of 0.40 were ignored, are prob- 
ably not valid. 

The production of depressed ionized cal- 
cium levels with blood replacement has 
been the subject of much discussion. The 
greatest amount, 99 per cent, of the total 
calcium in the body is contained in bone. 
Less than 1 per cent is found in the blood 
and extracellular fluid. 

Fifty to 70 per cent of the small portion of 
calcium in the blood is diffusible. Of the 
diffusible calcium in the plasma, most is ion- 
ized and is physiologically active, while a 
small part is unionized but diffusible. These 
equilibria were studied by McLean and 
Hastings who found equilibrium values for: 

Cat+ = i x 10-32 


and 
_ CaProt 


+ 
Ca Prot™ 





x 10-22 


The level of total calcium in the plasma 
is normally closely regulated at 10 milli- 
grams per cent. Important in maintaining 
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this level are many factors such as intestinal 
absorption, renal excretion, and parathy- 
roid activity. An excellent review of this 
problem was recently written by Copp. 
Evidence indicates that the calcium in the 
bone is primarily involved; in fact, the skel- 
eton has an amazing ability to restore de- 
pressed plasma calcium to normal. Experi- 
ments have been carried out in which cal- 
cium was removed by lead phosphate, ethy- 
lene-diaminetetra-acetic acid, oxalate or cit- 
rate, and the body rapidly compensated and 
returned the plasma calcium to normal lim- 
its. Actually, the rate of calcium mobiliza- 
tion is directly proportionate to the lower- 
ing of serum calcium. 

It is the ionized calcium which is physi- 
ologically active and in which we are inter- 
ested. Saffran and Denstedt studied ionized 
calcium during administration of citrate. 
They found that the restoration of ionized 
calcium was very rapid even with high ele- 
vations of plasma citric acid. Reductions in 
ionized calcium were almost impossible to 
detect. This is not surprising since Falken- 
heim, Underwood, and Hodge showed by 
radioactive calcium tracer studies that cal- 
cium in bone is in an active state and can be 
readily mobilized. The rate of mobilization 
is limited by blood flow to the bone. De- 
pressed ionized calcium is rapidly restored 
to normal, since the equilibrium between 
plasma ionized calcium and bone calcium 
is governed by the mass action law. Thus, if 
any factor tends to decrease the amount of 
ionized calcium present in the plasma there 
is a tendency for more calcium to become 
ionized. Available evidence indicates that 
the parathyroid hormone regulates the to- 
tal calcium level, but that the skeletal cal- 
cium is primarily involved. 

Citrate will bind ionized calcium. In ef- 
fect, this disturbs the equilibrium between 
the ionized and nonionized calcium. Thus, 
from the mass action law it follows that 
some nonionized calcium in plasma will be- 
come ionized, and based on theoretic con- 
siderations, one would predict that the addi- 
tional calcium will be mobilized from the 














bone. This will cause an increase in the total 
plasma calcium. It is well known, and our 
results show, that total calcium increases 
when the plasma citric acid is elevated. It is 
evident, therefore, that even in the pre- 
sence of an elevated plasma citric acid level 
and an increased total calcium, it is pos- 
sible for the ionized calcium to be within 
normal limits. 

Upon analysis of the 3 patients who re- 
ceived AcD solution and responded with an 
elevation of serum calcium, it becomes ap- 
parent that even though the exogenously 
administered citrate may deplete the ion- 
ized calcium in the patient’s blood, the body 
mobilizes the readily available supply of cal- 
cium from the bone and this results in an 
increased total calcium. Thus, the elevated 
total calcium levels occurring with the ad- 
ministration of AcD solution probably re- 
flect the action of a homeostatic mechanism 
of the body, which, in an effort to maintain 
ionized calcium within certain limits in the 
presence of an elevated citric acid, mobi- 
lizes calcium from the bone. 

In the beginning of this study most of the 
patients received 1 gram of calcium gluco- 
nate (100 mgm. of calcium) for every 2 units 
of blood administered after the’first 5 units. 
This was in accordance with the generally 
accepted belief that calcium is an effective 
antidote to citrate intoxication. Later, as it 
became apparent that citrate intoxication 
under normal circumstances did not exist, 
calcium administration was discontinued. 
The clinical course in the latter group of pa- 
tients was not significantly different. Fur- 
thermore, patients who received acp solu- 
tion and no calcium did not exhibit citrate 
intoxication. 

The plasma potassium concentration was 
observed to rise during the infusion of acp 
solution. This rise was unexpected. Poulos 
(16) noted that plasma potassium and so- 
dium concentrations fell during the infusion 
of calcium solutions. It is possible that the 
body attempts to maintain a plasma cat- 
ionic balance and that an increase in plas- 
ma potassium during acp infusion repre- 
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sents an attempt to keep cationic balance in 
the face of decreased ionized calcium. 


CITRIC ACID AND OOZING 


The development of vascular oozing dur- 
ing operative procedures has been found to 
be due to depressed platelets, and lowered 
fibrinogen, prothrombin, factor V, and fac- 
tor VII. The presence of large amounts of 
citrated blood in the patient’s vascular com- 
partment could, possibly, result in blood 
that would not clot because of low ionized 
calcium, secondary to a larger amount of 
citrate. In this series citric acid was not 
found to have any relationship to the occur- 
rence of vascular oozing. Both normal and 
elevated plasma citric acid levels occurred 
in the absence of vascular oozing. In the 
study previously reported (23), no correla- 
tion could be made between elevated plasma 
citric acid levels and disturbances in the 
clotting mechanism. In the controlled ad- 
ministration of AcD solution to a patient 
(Fig. 1), no significant changes were ob- 
served in the clotting mechanisms even 
though the plasma citric acid reached a peak 
of 79.6 milligrams per cent. Therefore, we 
believe that elevated plasma citric acid levels 
are not responsible for vascular oozing. 


METABOLISM OF CITRIC ACID 


The rate of metabolism of citric acid is 
very rapid. Citric acid is part of the normal 
metabolic pathway and many tissues are 
equipped with enzymes for metabolizing 
citric acid. It is metabolized notably by kid- 
ney cortex, liver, and muscle, the main 
sites of carbohydrate metabolism. A large 
amount, 70 per cent, is also stored in the 
bone. 

When large amounts of citric acid are in- 
fused, it is possible that the normal enzyme 
systems for the metabolism of citric acid may 
become saturated. If this were to occur, the 
plasma citric acid value would increase out 
of proportion to that expected. Ordinarily, 
during the infusion of citrated blood, the 
plasma citric acid level is related to the 
extracellular fluid volume, rate of citric acid 
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infusion, and rate of citric acid loss. The cit- 
ric acid loss from the plasma is due to sev- 
eral factors, the most important of which 
are: blood loss, metabolism, and loss of cit- 
ric acid to tissues. Ordinarily, we expect an 
elevation in plasma citric acid on the order 
of 8 milligrams per cent for each 1 milligram 
per kilogram per minute of citric acid infu- 
sion. The peak value of 173 milligrams per 
cent attained in Patient 3 suggests the pos- 
sibility of saturation. However, it must be 
pointed out that this sample was obtained 
from the vena cava and may not represent 
a mean plasma citric acid value, since mix- 
ing with peripheral blood in a patient in 
shock is not complete. However, the im- 
portant clinical point is that a plasma citric 
acid value of 173 milligrams per cent was 
obtained from blood from the vena cava— 
blood that is entering the heart. This pa- 
tient made an uneventful recovery. We have 
no idea what this patient’s ionized calcium 
was, but his total calcium at the end of the 
procedure was 18 milligrams per cent. 
(Twenty grams of calcium gluconate was 
administered during the procedure.) 

There is certainly a relationship between 
the rate of infusion of citric acid in milli- 
grams per kilogram per minute and the 
plasma citric acid value observed. Except 
for Patient 3 in whom saturation may have 
occurred, we found that the rate of infusion 
and not the total amount of citric acid in- 
fused was the factor most important in de- 
termining the peak plasma citric acid value. 
In Patient 22, it can be noted that when 
the rate of infusion decreases, the plasma 
citric acid level decreases only to rise again, 
as the rate of infusion is increased. If one is 
to appreciate the relationship between 
plasma citric acid level and infusion rate, 
it is necessary to take frequent blood sam- 
ples for citric acid analysis, especially dur- 
ing the peak infusion rates. 

The liver has been shown to metabolize 
citric acid. However, it does not follow that 
it is the most important site of metabolism 
of citric acid. Patients 3 and 4, whose citric 
acid values are reported here, both had half 





the liver removed and in spite of this, meta- 
bolized citrate rapidly. In another paper 
(24), we compared the rate of metabolism 
of citric acid for Patient 4 with that of a 
patient undergoing a pelvic exenteration 
who had the same amount of blood admin- 
istered in the same time interval. We could 
detect no appreciable difference in the turn- 
over time or rate of citric acid metabolism. 
Martensson obtained the same results in 
animal experiments. Thus, in an acute 
experiment, the liver per se does not appear 
to be the most important site of citric acid 
metabolism. Bunker and associates re- 
ported that patients who suffered from cirr- 
hosis metabolized citric acid poorly. It may 
be that factors other than loss of functioning 
liver tissue should be investigated to explain 
this observation. 

Salant and Wise showed that the ability 
to recover from the toxic effects of citric 
acid was chiefly due to the rapid metabo- 
lism rather than to its excretion in the urine. 
Actually, urinary excretion of citric acid is 
increased only as long as the plasma citric 
acid level is elevated. Due to its rapid metab- 
olism the citric acid remains elevated for 
only a short time. In our study of the urin- 
ary excretion of citric acid on 3 patients who 
received huge doses of citrate, we did not 
find the urine citric acid to be markedly 
elevated. Indeed, some of the patients ex- 
creted larger amounts of citric acid a day or 
2 postoperatively than they did during the 
first 6 hours postoperatively. This may mean 
that factors other than plasma citric acid 
concentration are more important in deter- 
mining the excretion of citric acid. 


THE POSSIBILITY OF CITRIC ACID INTOXICATION 


Citric acid may cause a toxic reaction be- 
cause it has the ability to decrease the 
plasma ionized calcium and cause cardiac 
arrythmias or vascular oozing. Based on 
this premise, citric acid intoxication should 
be properly thought of as a deficiency of 
ionized calcium. In the present series we 
have not noted a complication that could be 
properly called citric acid intoxication. 
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What are the conditions under which 
hypoionized calcium can occur? 

Under normal circumstances citric acid 
is metabolized rapidly so that toxic sequelae 
are not seen. If toxic sequelae are seen, they 
occur at the time citric acid is being admin- 
istered most rapidly, since the metabolism 
of citrate occurs very quickly. Any factor 
that interferes with the body’s metabolism 
of citric acid could contribute to citric acid 
accumulation. Hypothermia, whether in- 
duced or secondary to the infusion of large 
amounts of cold blood, will decrease the 
rate of citric acid metabolism. Perhaps long- 
standing liver disease with associated avit- 
aminosis and malnutrition could contribute 
to faulty metabolism of citric acid. The pos- 
sibility of saturation of enzyme systems has 
already been discussed. Patients who have 
hypoparathyroid disease, or osteoporosis, 
and cannot mobilize calcium may be more 
prone to citrate intoxication. Children, 
especially the newborn, may not have ade- 
quate calcium stores to draw upon, and 
therefore, may show signs of hypocalcemia. 
Shock with concomitant hypoxia could also 
conceivably contribute to a failure to meta- 
bolize citric acid, but a more important fac- 
tor to consider in patients in shock is the 
failure of peripheral circulation. The circu- 
lation to bone is vital so that calcium can 
be readily mobilized. In states of shock it 
may be that the circulation to bone is dimin- 
ished so that adequate calcium is not mobil- 
ized to keep the ionized calcium within nor- 
mal limits during the infusion of citrated 
blood. 

Of the factors that may contribute to cit- 
ric acid intoxication, the latter is probably 
the most important. 

We are essentially in agreement with 
Gruber and Halbeisen who studied the 
toxic effects of citric acid, and we believe 
that citrate intoxication during massive 
transfusion is unlikely. 


SUMMARY 


Plasma citric acid levels were measured 
by the pentabromacetone method in pre- 
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operative patients, in patients with liver 
disease, during gestation, during the infu- 
sion of AcD solution, and during and after 
blood transfusion. The highest value re- 
corded in the series of 77 patients studied 
during transfusion, 173 milligrams per cent, 
was observed in a patient who received 30 
pints of blood in 3.5 hours. This patient 
made an uneventful recovery. AcD solution 
was infused in 3 patients at rates up to an 
equivalent of 19 pints of blood per hour for 
20 to 30 minutes. No change in clotting fac- 
tors were noted, but the QT, interval did 
become prolonged. 

We believe that citric acid produces toxic 
effects by lowering the concentration of 
plasma ionized calcium. Citric acid is read- 
ily metabolized and most adults can mobi- 
lize calcium stores rapidly so that citrate 
intoxication under ordinary conditions does 
not exist. However, it is possible that chil- 
dren, hypothermic patients, and patients 
with impaired calcium metabolism or im- 
paired circulation may be subject to citrate 
intoxication. Work by others has shown that 
intravenous calcium gluconate or calcium 
chloride given at the time the citrate is being 
administered most rapidly is an effective 
antidote. In this series, we saw no evidence 
of citric acid intoxication nor was there any 
difference between the clinical course of 
those patients who received calcium glucon- 
ate and those who did not receive calcium 
gluconate during rapid bank blood trans- 
fusion. 


CONCLUSIONS 


1. The normal mean plasma citric acid 
value for men is 0.80 +0.8 milligrams per 
cent, and for women, 1.08 +0.9 milligrams 
per cent. 

2. The plasma citric acid value is not ele- 
vated in patients with metastatic liver di- 
sease. 

3. The plasma citric acid is significantly 
lower in the third than in the second tri- 
mester of pregnancy. 

4, When citrate is administered rapidly 
intravenously, there is an increase in the 
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QT, interval, plasma potassium concentra- 
tion, and total calcium. 

5. The rate of citric acid metabolism is 
very rapid so that by 90 minutes after dis- 
continuance of blood administration the 
plasma citric acid value is almost normal. 

6. The plasma citric acid level during 
blood transfusion is related to the rate of 
blood administration. 

7. The kidney is not the main pathway 
for elimination of citric acid. 

8. Citric acid is readily metabolized by 
patients who have had a large portion of the 
liver removed. 

9. There was no direct relationship be- 
tween plasma citric acid values and the oc- 
currence of vascular oozing. 

10. Citric acid intoxication is unlikely in 
the normal adult during the administra- 
tion of banked blood. Other physiologic 
changes occurring during transfusion are 
probably more important in causing vascu- 
lar oozing and cardiac arrhythmias. 
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FIBRINOLYSIS FOLLOWING THORACIC SURGERY 





ARTHUR F. LINCOLN, M.D., JACK A. MOORMAN, M.T., and 
RICHARD L. SCHULTZ, Ph.D., Denver, Colorado 


OccAsIONALLY in thoracic surgery, bleeding 
problems occur which cannot be explained 
on the basis of a localized source of bleeding 
correctable by ligation. In most of these 
cases, profuse oozing from pin-point pleural 
areas or severe adhesions are encountered 
which generally cease spontaneously. 
Mathey and associates and de Geeter and 
Dumont have described 8 and 3 cases re- 
spectively of postoperative hemorrhage fol- 
lowing thoracic surgery. Soulier and as- 
sociates, in a study of 16 cases of thoracic 
surgery, demonstrated a shortening of the 
time of coagulation and complete lysis in 
10 of the cases. Other authors have described 
single cases of severe hemorrhage following 
thoracic surgery. 

In view of these findings, this study was 
initiated to investigate fibrinolysis of thoracic 
surgery patients in comparison with a num- 
ber of general surgery patients. The results 
demonstrate a significant increase in lysis 
within 2 hours after thoracic surgery com- 
pared to a minimum increase after general 
surgery. 


MATERIALS AND METHODS 


Blood samples were drawn from 110 pa- 
tients undergoing thoracic surgery. Of these, 
79 were tuberculous and 31 were nontuber- 
culous patients. The group consisted of 38 
females and 72 males; 48 patients were 
between 20 and 29 years of age, 39 were 
between 30 and 39 years old, 5 were less 
than 19, and 18 were over 40. The types of 
operations were 11 decortications, 29 lobec- 
tomies, 60 segmental resections, 9 thoracot- 
omies, and 1 pneumonectomy. The anes- 
thetic used was sodium pentothal, intra- 


_ From the U. S. Army Research and Development Unit, Fitz- 
simons Army Hospital, Denver, Colorado. 


venous, supplemented with ether during 
the operation. 

As controls, bloods were taken from 40 
general surgery patients, 19 males and 21 
females. Seventeen were between 20 and 
29 years old, 9 were between 30 and 39, 1 
was less than 19, and 13 were over 40. The 
operations consisted of 11 partial or com- 
plete thyroidectomies, 7 hernioplasties, 5 
cholecystectomies, 4 colostomies, 3 explor- 
atory laporotomies, 2 excisions of parotid 
tumors, 2 mastectomies, 2 nephrectomies, 1 
hysterectomy, 1 subtotal gastrectomy, 1 
sympathectomy, and 1 ligation and strip- 
ping of veins. Thirty-five patients were an- 
esthetized with sodium pentothal supple- 
mented with ether, nitrous oxide, anectine, 
or combinations of these, 4 received only 
nitrous oxide and ether, and 2 received a 
spinal anesthesia of pontocaine. 

Citrated venous blood samples (0.5 ml. of 
10 per cent sodium citrate per 10 c.c. of 
blood) were drawn before surgery, im- 
mediately after the completion of surgery, 
and 1, 2, and 24 hours after surgery. In the 
thoracic operations, pulmonary arterial and 
venous blood samples were drawn during 
surgery. The plasma was obtained by centrif- 
ugation at 2,000 revolutions per minute for 
10 minutes within 20 minutes after the 
blood was drawn. Two aliquots of each 
plasma were diluted 1:25 in 7.5 X 10M 
calcium chloride solution and incubated for 
45 minutes and 24 hours at 37 degrees C. 
Following each period of incubation, the 
fibrin was wound on a glass rod, washed 
with distilled water, pressed dry on filter 
paper, and digested in 0.5 milliliter of 20 
per cent sodium hydroxide. When the fibrin 
was too fragile to be wound on a glass rod, 
it was obtained by centrifugation at 2,500 
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Fic. 1. Fibrinolysis following thoracic and general 
surgery. 


revolutions per minute for 10 minutes and 
the supernatant decanted off. The amount 
of fibrin present was estimated by its tyrosine 
content according to the method outlined 


by Quick. 


RESULTS 


Fibrinolysis is expressed as per cent de- 
crease in fibrin in 24 hours when compared 
with the amount of fibrin present after 45 
minutes of incubation. The per cent de- 
creases were arbitrarily grouped to indicate 
degree of fibrinolysis. A 0 to 15 per cent 
decrease in fibrin was considered normal, 
16 to35 percent decrease was called moderate 
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lysis, 36 to 85 per cent was marked lysis, 
and 86 to 100 per cent complete lysis. 

The results from thoracic surgery and 
general surgery are shown in Figure 1. Each 
bar represents the per cent of patient plasmas 
demonstrating a certain degree of lysis at 
a given time before or after surgery. It can 
be seen that in general surgery only moderate 
lysis was demonstrated except immediately 
after surgery when complete lysis occurred 
in about 8 per cent of the plasmas. In the 
plasmas of thoracic surgery patients, 3 per 
cent showed marked lysis and 1 per cent 
complete lysis before surgery, while within 
2 hours after surgery 6 to 10 per cent showed 
marked and 9 to 13 per cent complete lysis. 
Therefore, with this technique, a definite 
increase in fibrinolysis is observed following 
thoracic surgery when this is compared with 
the preoperative controls and with blood 
samples drawn at comparable times follow- 
ing general surgery. 

Figure 2 shows a comparison of lysis in 
tuberculous and nontuberculous patients 
during and after thoracic surgery. The data 
suggest that surgical manipulation of a lung 
infected with tuberculosis causes no increase 
in lysis over a noninfected lung. Similar 
comparisons on the basis of age, sex, and 
time of year showed little difference in lysis. 
A slightly higher percentage of women 
showed complete lysis during surgery (Fig. 
3). 

The preoperative and postoperative fi- 
brin levels are shown in Table I. Little 
change in the fibrin levels is seen within 
2 hours after the operation, but when the 
preoperative and 24 hour postoperative 
levels are compared, a 31.0 per cent in- 
crease in fibrin is observed in the thoracic 
surgery patients and a 21.8 per cent increase 


TABLE I.—FIBRIN LEVELS IN HUMANS FOLLOWING THORACIC AND GENERAL SURGERY 


General surgery 
Mean (mgm.)....... : 
Standard deviation. .... 
Thoracic surgery 
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Preoperative Postoperati: 
Immediate 7 hr. 2 hrs. 24 hrs. 
391 369 356 339 500 
+127 +98 +84 +74 +92 
368 351 334 336 533 
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Fic. 2. Fibrinolysis in tuberculous and nontuberculous 
patients following thoracic surgery. 


in the general surgery patients. The fibrin 
levels of 9 thoracic surgery and 3 general 
surgery patients were determined daily for 
10 days following surgery. In both types of 
surgery, a peak in the fibrin levels was ob- 
served at 3 days after operation (734 mgm. 
in thoracic surgery and 666 mgm. in general 
surgery patients) with a gradual decrease 
on the following days. The fibrin levels at 
10 days after surgery are similar to those 
observed 24 hours postoperatively. 


DISCUSSION 


The majority of earlier investigations on 
the occurrence of fibrinolysis in general sur- 
gery have shown more postoperative lysis 
than the present study. Macfarlane (5) 
found complete postoperative lysis in 22 out 
of 29 surgical patients. Later, Macfarlane 
and Biggs (6) noted a similar preoperative 
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Fic. 3. Fibrinolysis in males and females following 
thoracic surgery. 


increase in lysis which they attributed to 
anxiety. Variable degrees of lysis were found, 
both preoperatively and postoperatively, in 
surgical patients by Hodgson and Coon. 
These authors observed a similar increase 
in postoperative fibrin levels. Truelove found 
preoperative and postoperative fibrinolysis 
which could not be correlated with the 
severity of the operation. Three cases of 
severe hemorrhage associated with surgery 
were described by Blomback and associates 
in which increased spontaneous plasmin 
activities and decreased plasminogen con- 
tents were demonstrated. 

An increase in fibrinolysis following vari- 
ous types of anesthesia has been demonstrated 
by von Kaulla. Since the same anesthesia 
was used in the majority of the thoracic 
and general surgery patients, the differences 
cannot be explained on this basis. 








The higher per cent of thoracic surgery 
patients showing an increase in lysis, com- 
pared to preoperative samples and general 
surgery patients, can be correlated with the 
high concentration of tissue activator of 
plasminogen which has been demonstrated 
in the lung. Surgical manipulation of the 
lung could cause a release of the activator 
into the blood stream, causing an increased 
conversion of plasminogen to plasmin with 
a resulting increase in fibrinolysis. Further 
evidence favoring this hypothesis is the fact 
that during thoracic surgery the pulmonary 
venous blood shows a mean lysis of 134 
milligrams of fibrin after 24 hours incuba- 
tion, while the pulmonary arterial blood 
exhibits a mean lysis of 93 milligrams of 
fibrin, a difference of 30.6 per cent. This 
demonstrates that the plasmin content of 
the blood leaving the lung is higher than 
that entering. 

Thirteen of the thoracic surgery patients 
showed hemorrhagic complications, i.e., 00z- 
ing of blood during the operation or hemo- 
thorax following surgery. Of these 13, four 
showed moderate or marked fibrinolysis with 
this method and 8 (7.3 per cent) showed 
complete lysis during the operation or with- 
in 2 hours after the completion of surgery. 

An attempt was made to utilize the syn- 
thetic amino acid ester methods in the esti- 
mation of fibrinolysis in surgical patients, 
but early results showed no correlation be- 
tween the esterase and lytic activities and 
the use of the method was not continued. 


SUMMARY 


The fibrinolytic activity of plasmas from 
110 thoracic surgery patients and 40 general 
surgery patients was investigated before, 
during, and after surgery. A slight increase 
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in postoperative lysis was noted with the 
general surgery patients, while a significant 
increase was found in the thoracic surgery 
patients. In both thoracic and general sur- 
gery patients, an increase in fibrin was ob- 
served 24 hour after surgery. 

Similar increases in fibrinolysis were seen 
in tuberculous and nontuberculous patients 
after thoracic surgery. No differences were 
noted on the basis of sex, age, or time of 
year, except for a higher incidence of com- 
plete lysis in the females during the period 
of surgery. 
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A TRIAL OF ILEOSIGMOIDOSTOMY IN THE 


TREATMENT OF GASTROJEJUNOCOLIC FISTULA 


R. G. MacLEOD, M.C., M.B., F.R.F.P.S.G., F.R.C.S. (Edinburgh), and 
J. P. GALLOWAY, M.B., B.Sc., F.R.C.S. (Edinburgh), Glasgow, Scotland 


Ir Is CERTAIN that as long as gastrojejunal 
anastomosis is used in the treatment of peptic 
ulcer there will be cases of anastomotic ulcer 
with some resulting fistulas. Undoubtedly 
the incidence of fistula has diminished with 
the greater use of partial gastrectomy in the 
treatment of peptic ulceration, and cases in 
future may be few, but, even if all patients 
operated on were subjected to partial gas- 
trectomy, the complication of fistula would 
not be abolished, as it has been known to 
follow even fairly extensive gastric resection. 

There seems to be little doubt that the 
logical treatment for gastrojejunocolic fistula 
is one stage obliteration of the fistula with 
partial gastrectomy, but by no means can 
all patients be considered fit for such an 
extensive proceeding. Certainly, in our series, 
not one was in good enough condition to 
permit of anything but minimal interfer- 
ence, at least in the first instance. The oper- 
ation performed was a simple ileosigmoid 
anastomosis, lower than the ileocolostomy 
described by Lahey ard Marshall. Gosset 
records symptomatic cure in 1 case follow- 
ing ileosigmoidostomy, and in this series the 
effects of the operation are assessed and fur- 
ther proceedings, in those cases in which it 
was necessary, are described. 

In October 1947 the first ileosigmoidos- 
tomy in this series was carried out. Partial 
gastrectomy followed in a few months’ time, 
but it was noted that there had been a re- 
markable recovery following the simple op- 
eration. Study of this case led us to the ques- 
tion “Is the second operation necessary or 
even desirable?’ Lahey considered the ileo- 
colostomy merely as a first stage procedure 
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and followed it, when the patient’s general 
condition had improved sufficiently, by par- 
tial gastrectomy and resection of the right 
colon to just beyond the fistula. We decided 
that, with future cases, ileosigmoidostomy 
alone would be performed, and that partial 
gastrectomy would be reserved for those pa- 
tients who seemed to require further opera- 
tive treatment. Since the first case, 5 further 
cases of gastrojejunocolic fistula have been 
treated, and in only 2 of these has it been 
considered necessary to carry out partial 
gastrectomy. 

All the patients have been carefully fol- 
lowed up clinically. In those cases in which 
it was possible, the biochemical state has 
also been thoroughly investigated. As small 
intestinal hurry is the main factor in pro- 
ducing ill health in patients with gastro- 
jejunocolic fistula, barium meal with follow 
through x-ray examination has been carried 
out on most of our patients after ileosig- 
moidostomy to ascertain the time taken for 
barium to reach the sigmoid. The results of 
our investigations, and the complications 
and difficulties encountered by us in this 
series, seem worthy of discussion. 

None of these patients was initially treated 
by us, but we have not considered it neces- 
sary to consult the original records as it is 
clear they all suffered from duodenal or 
juxtapyloric ulceration in the first instance. 

In this study we shall try to assess the 
value of ileosigmoidostomy alone as a means 
of treating gastrojejunocolic fistula. 


CASE REPORTS 


Case 1. Mr. J. A., aged 37 years (in 1947), a ship’s 
plater, in 1940 had had a posterior gastroenterostomy 








for a large chronic prepyloric ulcer with considerable 
stenosis. Six months after operation there were symp- 
toms suggestive of stomal ulcer. In 1947 he was ad- 
mitted to the hospital suffering from diarrhea, (5 or 
more large fawn colored stools daily) fecal eructation, 
vomiting of feculant material, considerable weight 
loss, loss of energy, and anorexia. 

On examination this man was a moderately ema- 
ciated pale individual with marked edema of ankles 
and sacral region and with ascites. His blood pressure 
was 105/55, and his weight 8 stones 5 pounds. A 
barium enema showed a gastrojejunocolic fistula was 
made. A fractional test meal indicated a low hydro- 
chloric acid and total acidity, and no stercobilin in 
any specimen. Fat balance test showed fat absorption 
of 80 per cent. Microscopic examination of feces 
showed that undigested meat fibers were present. 
Results of blood examination were: hemoglobin 12 
grams per cent; red blood count 4,800,000 with nor- 
mal films; serum protein 3.72 grams per cent; albumin 
1.6 per cent; globulin 2.12 per cent. 

At operation under general anesthesia, an end-to- 
side ileosigmoidostomy was performed. Three days 
after this proceeding further intervention was re- 
quired for acute intestinal obstruction caused by 
herniation of a loop of ileum through the mesentery 
at the site of the ileosigmoidostomy. During con- 
valescence the general condition was markedly im- 
proved. There was no vomiting, the foul eructations 
became very infrequent, his appetite improved, and 
the bowels moved 2 or 3 times per day, the stools 
being formed and of normal appearance but soft and 
bulky. The edema and ascites gradually disappeared. 

Four months later, he was readmitted for partial 
gastrectomy; his condition was very satisfactory. His 
weight had increased by 8 pounds. The only signifi- 
cant biochemical findings were the serum protein of 
5.03 grams per cent, albumin of 3.6 per cent, globulin 
of 1.43 per cent—a restoration of the normal ratio. 
Under general anesthesia, the gastrojejunocolic fistula 
was found to extend from about midtransverse colon 
to the stoma and was of narrow caliber. The fistula 
was dissected, the colon closed, and a retrocolic 
Polya-Hofmeister gastrectomy was performed without 
incident. 

Four months after operation he was fit and well- 
nourished, having gained nearly 2 stones in weight. 
Follow-up continued till August 1952 when he was in 
excellent health, weighing 9 stones 1044 pounds. 
There was no dyspepsia and the bowels moved once 
per day with formed motions of normal appearance. 
The only abnormal radiologic finding was an excess 
of gas in the right colon. 

The man’s opinion was that the operation had been 
very successful and he was well satisfied, carrying out 
his work as a ship’s plater without difficulty. 

Case 2. Mr. J. C., aged 43 years (in 1948), a bar- 
tender (heavy work, long hours), in 1942 had had a 
posterior gastroenterostomy for duodenal ulcer with 
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stenosis. In March 1948, diarrhea started, up to 8 
stools per day, the stools being pale and offensive. He 
also had a copious foul vomit once daily. Gradually 
there developed swelling of face, arms, legs, and ab- 
domen and numbness and tingling in the legs. His 
appetite remained good but there was considerable 
loss of weight. In May 1948 he was admitted to the 
hospital. He was a pale, sallow, undernourished, ex- 
hausted man with swelling of face, arms, and legs and 
with abdominal wall edema and ascites. Knee and 
ankle reflexes were absent. A barium enema demon- 
strated a gastrojejunocolic fistula of moderately large 
caliber. By a fractional test meal no fecal smell or 
fecal matter was noted, and there was a high fasting 
acidity, falling to low level after 1 hour. Fat balance 
test indicated a fat absorption of 63 per cent. At 
fecal examination for undigested food, none was 
found, but the stools were pale, fatty, and moist. Re- 
sults of blood examination were: hemoglobin 11.2 
grams per cent; red blood count 3,940,000 with nor- 
mal films; serum protein 4.7 grams per cent; albumin 
2.8 per cent; globulin 1.9 per cent, serum calcium 
8.7 milligrams per cent. The prothrombin, bleeding, 
and clotting times were normal. Capillary fragility 
test (Hess) was positive. 

On June 21, 1948, under general anesthesia, an 
end-to-side ileosigmoidostomy was performed. The 
improvement immediately was dramatic. The first 
postoperative stool was normal, and following this, 
while in the hospital, there were never more than 2 
daily motions of normal appearance. The edema and 
paresthesia rapidly disappeared, and in 14 days there 
was no evidence of ascites. The knee and ankle re- 
flexes did not return. On July 7, 1948 this patient had 
to be reoperated on for small bowel obstruction, a 
band being found across a loop of small intestine in 
the right iliac fossa but unconnected with the anas- 
tomosis. 

The general condition then improved steadily and 
a further investigation was carried out 1 month later. 
A fractional test meal showed specimens of normal 
appearance and odor, except that little flecks of feces 
were present in the first 5 half-hourly specimens. 
Normal levels of acidity to 114 hours, but at 2, 214, 
and 3 hours the acidity was slightly above normal. 
Fat absorption was 77 per cent. Results of blood ex- 
amination were: hemoglobin of 13.6 grams per cent; 
red blood count 4,260,000 with normal films; serum 
protein of 6.45 grams per cent; albumin of 4.4 grams 
per cent; globulin of 2.05 grams per cent; serum cal- 
cium normal. 

This man was seen last in March 1952. His general 
condition had remained excellent. Since operation in 
1948 “he had never felt better.” He ate without re- 
striction; there was no dyspepsia and no diarrhea. 
The motions were regular morning and evening, 
formed and firm. His weight had returned to his nor- 
mal before the onset of his first ulcer trouble—9 
stones 12 pounds. His own opinion of this operation 
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was that “it had been very well worth while.” He was 
working in his old occupation as a barman, a labori- 
ous job with long hours. 

He would not submit to any specialized investiga- 
tion, and clinically was a normal healthy individual 
of robust physique and cheerful demeanor. A straight 
film of the abdomen showed no evidence of any undue 
collection of gas or feces in the right colon. 

Case 3. Mr. R. K., aged 70 years (in 1950), re- 
tired, in 1919 had had a gastroenterostomy for duo- 
denal ulcer. On June 9, 1949, he was admitted to the 
hospital. There had been no digestive complaints 
following gastroenterostomy. However, 6 months be- 
fore admission he began to have intermittent attacks 
of diarrhea, at least 3 motions per day. He began to 
feel tired, light-headed, and he lost weight. For 3 
weeks, shortly after the onset of this illness, he had 
vomited yellow sour material once or twice per day. 
Since then there had been no vomiting. In addition, 
he suffered from precordial pain on excitement and 
breathlessness on exertion. 

On examination this patient was a frail, anxious 
old man, having obviously lost weight, which, on ad- 
mission, was 8 stones, the normal in health being 
about 11 stones. A barium enema showed a gastro- 
jejunocolic fistula. Results of the blood examination 
were: hemoglobin 85 per cent; red blood count 5,000,- 
000 with normal films; serum protein 4.6 grams per 
cent. 

On June 30, 1949, under general anesthesia, a side- 
to-side anastomosis, terminal ileum to sigmoid, with 
exclusion, was performed. In March 1950 he had 
gained 2 stones in weight and was feeling well on an 
unrestricted diet. He had 2 loose motions daily. 

On May 22, 1952 this man was readmitted for in- 
vestigation and assessment. It was with great dif- 
ficulty that he was persuaded to come into the hos- 
pital which indicated that the dyspepsia of which be 
now complained was mild. For a year following opera- 
tion he had been completely free from indigestion 
and had then begun to have lower abdominal pain 
4 to 5 hours after food, relieved by food, with recent 
occasional nausea and sour mouthfuls. Within the 
previous few weeks the attacks of discomfort had 
been more frequent. In spite of this, the appetite was 
good and he had gained further weight, which was 
now 10 stones 8 pounds. The bowels moved loosely, 
on an average of 2 to 4 times daily. There was still 
some precordial pain on excitement or exertion. 
Clinically he was still a somewhat frail looking old 
man but his state of nutrition was excellent and there 
were no significant clinical findings. A barium enema 
demonstrated the presence of a gastrojejunocolic 
fistula, A barium meal and follow through examina- 
tion showed no evidence of stomal ulcer and did not 
demonstrate the fistula. Within 1 hour the stomach 
was empty and the meal was scattered in the small 
bowel. At 3 hours there was a trace of barium in the 
sigmoid. At 5 hours the sigmoid was well defined and 


MacLeod and Galloway: ILEOSIGMOIDOSTOMY FOR GASTROJEJUNOCOLIC FISTULA 547 





some barium had passed backward into the descend- 
ing colon. A straight film of the abdomen showed no 
evidence of stagnation of feces in the right colon. At 
fractional test meal there was no fecal smell or fecal 
matter, and a very slightly raised acid curve but 
fasting level normal and return to normal in 14 
hours. Fat absorption was 90 per cent examination of 
feces for undigested food showed numerous undigested 
muscle fibers, also Charcot-Leyden crystals. Results 
of blood examination were: hemoglobin 90 per cent; 
12.6 grams per cent; red blood count 4,700,000; white 
blood count 5,800, films normal; serum protein 6 
grams per cent; albumin 4.2 per cent; globulin 1.8 
per cent; serum calcium 11.7 milligrams per cent; 
prothrombin time normal; capillary fragility normal; 
bleeding time normal. 

While in the hospital his weight increased to 11 
stones and the symptoms of which he complained dis- 
appeared on light diet, which was not rigidly adhered 
to as the patient appreciated his visitors’ gifts of in- 
digestible delicacies. While under observation on a 
generous diet this man was symptom-free, and from 
impressions gained and knowledge of his home cir- 
cumstances, it was concluded that dietary indiscre- 
tions played a large part in his discomfort. When last 
seen in April 1955 this patient was very well, clear 
skinned and well nourished and with no digestive 
disturbances. He had 2 to 4 loose motions per day. 

His own view was that the operation had been ex- 
tremely successful. 

Case 4. Mr. W. B., aged 43 years (in 1951), a 
coachbuilder (heavy work), in 1940 had had a gastro- 
enterostomy for duodenal ulcer. In 1943, a stomal 
ulcer was diagnosed. An operation was carried out, 
apparently excision of the ulcer with reconstruction of 
the gastroenterostomy. In 1947 vagotomy was per- 
formed for stomal ulcer which had recurred in 1944. 
In 1950 he was treated medically for hematemesis. 

In August 1950 he was admitted to the hospital 
under our care. For 7 months he had had intermittent 
attacks of diarrhea, an attack lasting 3 to 4 davs and 
attacks being separated by intervals of 1 to 2 weeks, 
when bowel motions were fairly normal. During an 
attack there were 6 to 8 motions in 24 hours, the mo- 
tions being loose, light colored, and foul-smelling. 
On admission his weight was 8 stones 6 pounds, there 
having been obvious weight loss. A barium enema 
showed a gastrojejunocolic fistula. A fractional test 
meal showed a high acid curve. All specimens had 
fecal odor and contained colonic material. The stools 
were bulky, pale, and fatty, containing undigested 
meat and other food. Results of blood examination 
were: hemoglobin 12 grams per cent; 86 per cent; 
red blood count 3,460,000; films normal; serum pro- 
tein 5.5 grams per cent; albumin 3.6 per cent; 
globulin 1.9 per cent; serum calcium 9.5 milligrams 
per cent. 

On September 4, 1950, an ileosigmoidostomy with 
exclusion was performed with side-to-side anasto- 











mosis. The area surrounding the fistula was complete- 
ly obscured by adhesions. When discharged from the 
hospital on September 20 the bowel motions were 
practically normal with only 2 per day. 

In August 1951, he was admitted for assessment 
and investigation. His general condition was good. 
He had gained 1 stone in weight since the ileosig- 
moidostomy, his weight now being 9 stones 6 pounds 
and health normal. He had been well since his opera- 
tion; he had no dyspepsia and had a good appetite. 
There had been, on an average, 2 motions per day, 
both formed and of normal size. He was back at his 
work a; a coachbuilder and stated that he felt just as 
fit as he had been before all his ulcer trouble had 
started. 

A barium enema demonstrated the continued 
presence of the gastrojejunocolic fistula. Following a 
barium meal a trace of barium was found to pass 
immediately to the colon, but otherwise passed nor- 
mally through the gastroenterostomy to the jejunum. 
At 4 hours barium was present throughout the small 
bowel. At 7 hours the sigmoid had filled. There was 
also some filling of the descending colon, suggesting 
retrograde peristalsis. It was also noted that the 
cecum and ascending colon were filled with fecal 
matter, plus a little barium from the enema carried 
out 30 days previously. This remained quite static 
throughout this examination. After a fractional test 
meal no fecal matter or fecal smell was present in 
specimens. There was a moderately raised acid curve 
but the fasting level and level at 214 hours were 
within normal limits. Fat absorption was 84 per cent. 
There was no evidence of an unduly high content of 
undigested matter in the feces. Blood examination 
showed a hemoglobin of 12.6 grams per cent; red 
blood count 5,770,000; films normal; serum protein 
of 6.75 grams per cent; serum calcium of 10.2 milli- 
grams per cent; prothrombin time, capillary fragility, 
bleeding and clotting times were normal. 

Since discharge from hospital, this patient has re- 
mained in very good health and maintained his 
weight, an occasional twinge of hunger pain occur- 
ring 4 hours after food being the only symptom. This 
pain does not worry him much as it is immediately 
relieved by food. Three to four pints of beer produce 
3 loose motions per day, but usually there were only 
1 or 2 formed or soft motions daily. Barium meal ex- 
amination in June 1952 and June 1953 revealed no 
sign of stomal ulceration. Feces remain in ascending 
colon, shown on periodic roentgenograms, but the 
amount varies. 

The patient himself is delighted with the result of 
the simple ileosigmoidostomy and feels so well he 
does not wish any further operative treatment. 

Case 5. Mr. R. B., aged 51 years (in 1953), a 
machinist (not heavy work), had had a gastroen- 
terostomy for duodenal ulcer in 1947. Nine months 
after operation symptoms very suggestive of stomal 
ulceration started. On September 7, 1949, he was 
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admitted with watery diarrhea of 8 weeks’ duration, 
the bowels moving at least 4 times daily. Undigested 
food had been seen in the stools, which were bulky 
and light in color. He complained also of breathless- 
ness on exertion. On examination this patient was a 
pale man, showing obvious gross loss of weight. A 
barium enema demonstrated a _gastrojejunocolic 
fistula. Blood examination showed a hemoglobin of 
14.9 grams per cent (hemoconcentration); serum 
protein of 5.75 grams per cent; albumin of 4.60 per 
cent; globulin of 1.15 per cent; serum calcium of 12 
milligrams per cent. 

At operation under general anesthesia on October 
27, 1949, a palpable mass was felt in the region of the 
gastroenterostomy stoma, which was not disturbed. 
An ileosigmoidostomy was performed with a side-to- 
side anastomosis, terminal ileum to sigmoid, with 
exclusion. 

The general condition improved markedly and by 
the date of discharge, November 19, his weight was 
increasing and the bowels moving rather loosely, on 
an average of 3 times daily. Following discharge from 
hospital, the improvement in his general condition 
continued and was maintained. His weight returned 
to his normal, 10 stones 4 pounds. He had 2 to 4 soft 
and unformed bowel movements daily at regular in- 
tervals. He enjoyed his food, although occasionally 
he had very mild epigastric pain after food, relieved 
by food or alkali. So little considered by the patient 
were these symptoms that they were only mentioned 
on close questioning after his perforation occurred 
(vide infra). 

He continued to enjoy very good health, stating 
that he “‘felt fit for anything,” till November 1951, 
when he was admitted as an emergency with symp- 
toms of a perforated peptic ulcer. Immediate lapa- 
rotomy showed a perforation anteriorly of a stomal 
ulcer and the colic fistula was noted. The perforation 
could only be dealt with by separating the fistula, 
resecting the affected part of the colon, and recon- 
stituting the gastroenterostomy. The condition of the 
patient did not permit gastrectomy and the convales- 
cence was very stormy, but he eventually made a good 
recovery. 

A postoperative barium meal and follow through 
showed a normally functioning gastroenterostomy. 
At 7 hours the sigmoid filled and there seemed to be 
movement from the sigmoid to the descending colon. 
A straight x-ray film of the abdomen showed no ab- 
normal gaseous or fecal collection in the cecum or 
ascending colon. A fractional test meal showed a 
climbing acid curve well above normal. Following 
this operation the patient had 2 formed motions daily 
and enjoyed good health till March 1952 when he 
began to have dyspeptic symptoms of peptic ulcer 
type. By November 1952 the ulcer symptoms were 
more persistent and in spite of 2 previous negative 
barium meals, readmission for partial gastrectomy 
was decided upon. 
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At operation under general anesthesia on Decem- 
ber 4, 1952, a large deep chronic jejunal ulcer was 
found, 34 inch in diameter, of the efferent loop just 
distal to the stoma. There was marked pyloric stenosis 
but no active duodenal ulcer. A partial gastrectomy, 
four-fifths of stomach, with antecolic anastomosis, was 
performed with end-to-end junction of the jejunum 
following resection of the ulcerated area. One month 
after discharge from the hospital there was an attack 
of severe abdominal pain, relieved by an enema with 
a large fecal evacuation. An x-ray film following the 
enema showed a large collection of gas in the right 
colon. Some anxiety, therefore, was felt about stag- 
nation in the right colon. It was thought that the 
colic was due to this, and it was decided to undo the 
ileosigmoidostomy. 

At operation under general anesthesia on Febru- 
ary 6, 1953, the cecum and ascending colon were not 
distended. The blind loop of ileum beyond the ileo- 
sigmoidostomy was grossly dilated and the stoma had 
stretched to between 3 and 4 inches. The ileosigmoid 
anastomosis was undone and the sigmoid closed. The 
dilated ileum was resected and end-to-side anasto- 
mosis of ileum to cecum performed. It was noted that 
the cecum contained feces and succinylsulfathiazole 
which had been given preoperatively. 

Postoperatively there was a fair amount of disten- 
tion which caused some trouble, but the bowels 
moved on the eighth postoperative day and the dis- 
tention lessened. On the following day there was 
very severe abdominal pain and the patient became 
extremely shocked. The abdomen was grossly dis- 
tended and the diagnosis was that of fecal perforation 
due to breakdown of anastomosis. The deterioration 
was so sudden and complete that a further explora- 
tion could not be undertaken, and although the pa- 
tient survived for 4 days he was never in condition 
to permit laparotomy. 

At autopsy the abdomen showed general peritonitis 
with small pockets of pus throughout the peritoneal 
cavity. There was gross congestion in the ileocecal 
region and there had been perforation at the site of 
the ileocecal anastomosis. 


It seems that the postoperative distention 
had impaired the blood supply of the anas- 
tomosis and this had given rise to perfora- 
tion and peritonitis. 


Case 6. Mr. H. B., aged 27 years (in Feb. 1953), a 
taxi hirer (not heavy work but long hours, had had 
a perforated duodenal ulcer repair in 1946, a repair 
of a perforated duodenal ulcer plus gastroenteros- 
tomy in 1950, and in January 1952 he was admit- 
ted under our care with a stomal ulcer. Marked 
response to an insulin test meal produced hypogly- 
cemia. 

At operation under general anaesthesia on Janu- 
ary 30, 1952, just beyond a posterior gastroenteros- 
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tomy stoma, the jejunum was seen to be red and angry 
looking and appeared to be the seat of an ulcer. 
Transabdominal vagotomy was performed. At a 
postoperative insulin test meal, no response to injec- 
tion of insulin was noted. Following this operation 
he remained well and was back at work until June 
1952. 

On July 3, 1952, he was readmitted to the hospital, 
haviug had marked diarrhea for 3 weeks, the motions 
being frothy and fatty looking with an offensive smell 
(5 to 7 motions per day), and there had been vomiting 
for 10 days (3 to 5 times per day). No pain but oc- 
casional giddiness was present. Examination revealed 
a pale ill man, showing marked loss of weight. His 
weight was 8 stones 6 pounds (normal about 1044 
stones). Barium enema and barium meal x-ray ex- 
aminations established the diagnosis of gastrojejuno- 
colic fistula. Results of other investigations were: to a 
fractional test meal, a high climbing acid curve; to 
an insulin test meal, no response to injection of in- 
sulin; to fat balance test, fat absorption of 50 per cent; 
to examination of feces for undigested food, no un- 
digested food particles seen; of blood examination, 
hemoglobin 95 per cent 13 grams per cent, red blood 
count 4,190,000, white blood count 4,800, blood film 
normal, serum protein 6 grams per cent, serum cal- 
cium 10 milligrams per cent, prothrombin time 20.5 
seconds, control 16.0 seconds, capillary fragility nor- 
mal, bleeding time 2 minutes, clotting time 5 minutes. 

At operation under general anesthesia, the trans- 
verse colon was found adherent to the stoma. A 
side-to-side ileosigmoidostomy was performed with 
exclusion. Until January 1953 he was very well. He 
had no complaints at all, his bowels moved twice 
per day at most, the motions being soft and somewhat 
lighter in color than normal, and his weight went 
up to 10 stones 7 pounds. On February 3, 1953, he 
was readmitted to the hospital with acute symptoms 
of 3 weeks’ duration, typical of recurrence of peptic 
ulceration. The patient was ill and his weight had 
fallen to 9 stones 13 pounds. A barium meal and 
follow through showed no abnormality in the stomach, 
the stoma functioning well and being of normal ap- 
pearance; no ulcer was seen nor filling of the duo- 
denum. The follow through up to 6 hours showed no 
intestinal hurry. There was no barium in the sigmoid 
at 6 hours, but the distal ileum was then filled. From 
4 hours onward the hepatic flexure contained barium, 
presumably reaching it through the fistula. Response 
to a fractional test meal was a high climbing acid 
curve. Blood examination showed serum proteins of 
7.75 grams per cent. In spite of negative barium 
meal, it was considered that there had been recur- 
rence of stomal ulceration, and in view of the rapid 
onset of deterioration and previous experience, it was 
decided to perform partial gastrectomy. 

At operation under general anesthesia on February 
12, 1953, very many adhesions were present in the 
upper abdomen, and there was marked thickening 














present around the stoma. A gastrojejunocolic fistula 
was found but no stomal or jejunal ulcer was demon- 
strated. A partial gastrectomy, with separation of the 


fistula, was performed, the anastomosis being ante- 


colic. The ileosigmiodostomy was inspected and some 
dilatation of the blind end of the ileum was noted. 
Since this operation the patient has been very well. 
His weight went up to 10 stones 5 pounds. He has 
one formed bowel motion daily. No time has been 
lost from his work and he takes a normal diet. Straight 
x-ray film of the abdomen in 1953 showed a fairly 
large amount of feces in the cecum and ascending 
colon. 


DISCUSSION 


The complication of gastrojejunocolic 
fistula formation results in diarrhea and 
vomiting, and, of these two symptoms, diar- 
rhea predominates. The patient may pass 
many motions in the course of 24 hours, and 
these motions are loose, bulky, and fatty in 
character. It is remarkable that remissions 
of symptoms may occur, as shown in 2 of our 
cases (Cases 3 and 4) and this is difficult if 
not impossible to explain, as it is quite obvi- 
ous that the fistula once formed remains 
patent. Typically, ulcer pain disappears 
with the formation of the fistula, and the 
stomal ulcer heals, possibly because of the 
neutralizing effect of the colonic contents on 
the gastric juices. Lowdon suggests that the 
tendency for the ulcer to heal after the for- 
mation of a fistula may be explained by the 
gastritis, which commonly occurs in these 
patients, tending to reduce the gastric secre- 
tions. As a result of the diarrhea and vomit- 
ing, the patient loses weight, and in severe 
cases becomes emaciated and critically ill. 
Marked biochemical disturbance may occur 
with resulting edema and ascites. Peripheral 
neuritis may be a feature in bad cases. 

The diarrhea and vomiting are caused by 
the passage of colonic contents into the 
jejunum via the fistula. The diarrhea is not 
caused by stomach contents passing directly 
into the large bowel. It can be shown by 
barium meal that very little of the stomach 
contents passes to the colon direct, in fact it 
is often impossible to demonstrate a gastro- 
jejunocolic fistula by means of barium meal. 
However, by means of barium enema, a gas- 
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trojejunocolic fistula is usually easily demon- 
strable. Thecolonic contents, having reached 
the stomach and jejunum, pass down the 
small bowel and give rise to irritation and 
small intestinal hurry. Bolton and Trotter 
were the first to realize that the diarrhea 
was the result of the colonic contents irri- 
tating the jejunum. Lowdon records the 
presence of gastritis and jejunitis in these 
patients, attributable to irritation by colonic 
contents. As a result of the jejunitis, food 
taken by mouth is rushed through the small 
bowel, allowing very little time for digestion 
and absorption. This produces the fatty 
diarrhea, progressive loss of weight, and 
emaciation, so typical of the established case 
of gastrojejunocolic fistula. 

The ideal treatment for gastrojejunocolic 
fistula is closure of the fistula and partial 
gastrectomy, and, in those patients who are 
fit for this major procedure, this is the treat- 
ment of choice. Most patients are not fit for 
such a lengthy operation, and in these the 
object of the first operation must be to im- 
prove the patient’s general condition so as 
to make him fit for partial gastrectomy later 
on if required. Various methods have been 
used with this object in view. Wilkie (1934) 
described division of the transverse colon on 
either side of the fistula with closure of the 
ends of the small piece of large bowel left 
attached to the stomach and jejunum and 
end-to-end anastomosis of the transverse 
colon. Pfeiffer and Kent recommended prox- 
imal defunctioning colostomy in the ascend- 
ing colon. Lowdon described transverse de- 
functioning colostomy just proximal to the 
fistula. In Lahey’s operation, the ileum is 
divided at the cecum, the distal end closed, 
and the proximal end anastomosed to the 
descending colon with an antiperistaltic 
side-to-side anastomosis. 

In our series, an ileosigmoid anastomosis 
was performed with an isoperistaltic side-to- 
side anastomosis, except in the first 2 cases 
in which an end-to-side anastomosis was 
used. The end-to-side anastomosis was given 
up because of the complications which were 
encountered. 
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The advantages claimed for ileosigmoi- 
dostomy is that it is a simple procedure, dis- 
turbing the patient very little, and it can 
restore health sufficiently to allow much 
more extensive proceedings to be carried 
out. Indeed, in some cases it restores the 
general health to such an extent as to obviate 
the necessity for further operative treatment. 
Of course, proximal colostomy is also a sim- 
ple proceeding, but no patient would choose 
to have a colostomy, even though temporary, 
if he were given the choice of an equally safe 
operation which did not necessitate the con- 
struction of an abdominal anus. In addition, 
no surgeon would consider a permanent 
colostomy as the ideal treatment for gastro- 
jejunocolic fistula. In those cases in which 
partial gastrectomy is ruled out because of 
poor general health, as in our Case 3, if a 
colostomy has been performed the patients 
are condemned to having a colostomy for 
the rest of their lives. On the other hand, a 
permanent ileosigmoidostomy would be ac- 
ceptable to patient and surgeon alike in 
those cases in which partial gastrectomy is 
considered unnecessary or inadvisable. Even 
in a healthy young adult, partial gastrec- 
tomy carries with it a small mortality, and, 
because of this, it seems unwarrantable in- 
terference to operate further if excellent re- 
sults can be obtained with ileosigmoidostomy 
alone. If a colostomy has been performed, 
further operative treatment is essential to 
avoid leaving a young fit patient with a per- 
manent colostomy. Lowdon argues in favor 
of proximal transverse colostomy that the 
Lahey shunt is a more formidable procedure 
and that the second stage involves sacrifice 
of half of the colon. We believe that ileo- 
colostomy is a simple operation involving 
little more risk to the patient than proximal 
colostomy and that, at the second stage, if a 
second operation is required, the colon may 
be left in situ. 

If a patient is left with a permanent ileo- 
sigmoidostomy it is essential that he be kept 
under observation for some considerable 
time and, when finally discharged, he must 
be warned that the onset of ulcer symptoms 
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must be the signal to him to seek medical 
advice. Our experience (Case 5) and the 
experience of others have shown that an 
ulcer may develop in the presence of a fis- 
tula, which, of course, is still present in these 
patients, and that lack of treatment may 
lead to dangerous complications. Lowdon 
noted the presence of peptic ulcers adjacent 
to the fistula in 4 of his series, and 1 of his 
series had a perforation of a second ulcer. 
Also Lion and Moveau, Barling, and Hurst 
and Stewart reported the occurrence of free 
perforation of a second peptic ulcer in the 
presence of a fistula. 

Case 2 is the perfect result from ileosig- 
moidostomy alone. No further improvement 
can be expected. He is asymptomatic and in 
excellent general health. There could be no 
justification for performing partial gastrec- 
tomy on this man. In this case the second 
operation is neither necessary nor desirable. 
It is presumed that he still has a fistula al- 
though investigation to prove this has not 
been possible. The pathologic characteris- 
tics of gastrojejunocolic fistula would make 
spontaneous closure practically an impossi- 
bility as the fistula becomes lined with epi- 
thelium soon after its formation. 

In Case 3 the second operation is perhaps 
desirable but not necessary or advisable. 
His general condition precludes a major 
procedure, such as partial gastrectomy and 
closure of the fistula. His fistula troubles him 
little, provided he avoids dietary indiscre- 
tion. This is an example of the other type of 
case in which permanent ileosigmoidostomy 
may be the operation of choice—a patient 
whose general health will not permit partial 
gastrectomy and in whom the result of ileo- 
sigmoidostomy is satisfactory although by 
no means perfect. 

Case 4 is not a perfect result, neither is it 
a failure. This patient has an ileosigmoidos- 
tomy and nothing further has been done. 
He has symptoms suggestive of recurrence 
of stomal or jejunal ulceration although 
roentgenograms have failed to demonstrate 
an ulcer. However, it is notoriously difficult 
to demonstrate an anastomotic or jejunal 











ulcer radiologically and it seems likely that 
he has further ulceration. Ideally, a partial 
gastrectomy and closure of the fistula should 
be carried out. On the other hand, he is well 
pleased with his present state, he feels well, 
he is doing a heavy job without difficulty, he 
is not restricting his diet in any way and he 
does not want anything further done. In 
fact, he is delighted with the result of the 
operation. What symptoms he has are very 
mild and, in addition, it is known that par- 
tial gastrectomy might well be hazardous 
because of dense adhesions surrounding the 
fistula. On balance, it was decided that the 
wisest course was to leave him alone but to 
keep him under supervision. Eventually this 
particular patient may well come to gas- 
trectomy. 

Apart from Case 1, 2 of our patients, 
Cases 5 and 6, had a partial gastrectomy with 
closure of the fistula. In both, symptoms of 
recurrent ulceration occurred following ileo- 
sigmoidostomy and these symptoms were 
causing the patients considerable disability, 
a quite different picture from that presented 
in Case 4. There was no doubt that these 2 
patients required partial gastrectomy. In 
neither of them, nor in Case 1, was the right 
colon sacrificed as in Lahey’s operation. The 
patients of Cases 1 and 6 are in excellent 
health following partial gastrectomy, but it 
is worthy of note that the patient in Case 2, 
with an ileosigmoidostomy only, is in equally 
good health. 

In Cases 5 and 6, in whom partial gas- 
trectomy and closure of the fistula were de- 
layed until recurrent ulcer symptoms de- 
manded further operative intervention, it 
will be noted that the fractional test meal 
after ileosigmoidostomy in both cases re- 
vealed a high climbing acid curve. This is in 
contrast to the 3 patients who have not had 
a partial gastrectomy, in all of whom the 
acid curve in the fractional test meal, follow- 
ing ileosigmoidostomy, is practically normal. 
These findings are important and signifi- 
cant. We are of the opinion that, if a patient, 
after ileosigmoidostomy, develops ulcer 
symptoms, a fractional test meal should be 
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performed, and if this reveals a high climb- 
ing acid curve, the patient should be sub- 
mitted to partial gastrectomy and closure of 
the fistula. If, on the other hand, the ulcer 
symptoms are mild and the fractional test 
meal within or near normal limits then it is 
permissible, at least, to consider no further 
operative treatment, as we have done with 
Case 4. 

The immediate result following ileosig- 
moidostomy is dramatic. Frequently there 
are no more loose bowel motions while the 
patient is in the hospital and he settles down 
to 1 or 2 formed motions daily. Once he 
starts getting up and following discharge 
from hospital, the number of bowel motions 
per day may increase slightly. They are 
usually formed, but in 1 case (Case 5) they 
were soft and unformed and in another 
(Case 3) they were loose. In this series, the 
number of motions per day has been from 
1 to 4. It is interesting that, in Case 3, the 
worst from the point of view of frequency and 
consistency of motions, the state of nutri- 
tion is excellent. None of the patients find 
the slightly increased frequency of bowel 
movement an inconvenience. All signs and 
symptoms of gastrojejunocolic fistula clear 
up, the weight steadily increases, and there 
is a feeling of general well being. All of the 
patients with ileosigmoidostomy only have 
reached their normal weight and are main- 
taining this weight. Clinically the state of 
nutrition following ileosigmoidostomy is 
excellent. 

Some of the investigations carried out 
before ileosigmoidostomy are of particular 
interest: 

1. Fat balance test.—The percentage of 
fat absorption was low in the 3 cases in 
which this test was done. 

2. Fecal fat estimations.—Theresults have 
not been recorded in the case records of 
our patients as it was not found possible, in 
the stress of more necessary work, to per- 
form repeated investigations, and we recog- 
nize that this is necessary to obtain con- 
clusive and valuable results. However, the 
results did show an abnormally high fat 
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content in the stools with a high proportion of 
unsplit fat. 

3. Blood examination.— Mild anemia was 
present in all but Cases 5 and 6. The high 
hemoglobin per cent in Case 5 is presumed 
to be due to hemoconcentration as he was 
anemic looking. Anemia is the usual finding 
in cases of gastrojejunocolic fistula, but its 
presence may be missed on hemoglobin 
estimation owing to hemoconcentration as 
a result of dehydration. 

4. Serum proteins.—These were low or 
low normal in all cases, as is usual, with 
reversal of albumin globulin ratio in Case 1. 
Apparently, this reversal of albumin globulin 
ratio must be uncommon, as Lowdon found 
no instance of it in his large series. 

5. Serum calcium.—Serum calcium may 
be depleted in severe cases, so it is not sur- 
prising to find it low (8.7 mgm. per cent) in 
Case 2. In none of our cases were there 
carpopedal spasms, which may occur in the 
presence of gastrojejunocolic fistula, but in 
Case 2 there was paresthesia which could 
be attributed to the low serum calcium or 
might have been the result of vitamin B 
deficiency. 

6. Prothrombin time.—Prolongation of 
this time has been noted by Atwater, Butt, 
and Priestley and occurs in 1 of our patients 
(Case 6). 

7. Capillary fragility.—This was present 
in Case 2 and could be attributed to defi- 
cient absorption of vitamin C. 

A patient suffering from gastrojejuno- 
colic fistula often urgently requires operative 
intervention and, as a result, interesting 
investigations, apart from those required to 
establish the diagnosis, have, in many of the 
cases, not been performed, as it was not in 
the interest of the patient to delay operation 
further. This study is of little consequence 
as far as our investigations are concerned as 
it was not our object to compare preoperative 
and postoperative states so much, as to com- 
pare patients with ileosigmoidostomies with 
normal individuals. 

Apart from the question of operative tech- 
nique and the possibility of late complica- 
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tions after ileosigmoidostomy, our object was 
to discover whether patients suffered from 
any deficiency state following the operation. 
It must be remembered that the gastro- 
jejunocolic fistula is still present, and one 
depends on short circuiting the fistula to 
produce results. It has been stated previously 
that small intestinal hurry is the cause of 
deficient digestion and absorption of food 
ingested, and hence is the cause of the severe 
deficiency state which is liable to develop 
before treatment is instituted. Ileosigmoidos- 
tomy corrects this intestinal hurry, but it 
cannot be said that it completely abolishes 
it except, perhaps, in 1 of our patients 
(Case 2) whose motions were reduced to 2 
per day, formed and firm, normal in ap- 
pearance, and occurring regularly morn- 
ing and evening. It might be claimed that 
the patient in Case 4 is practically normal, 
but the fact that 3 to 4 pints of beer pro- 
duces 3 loose motions per day probably 
indicates that there is still some intestinal 
hurry present. The effect of closure of the 
fistula illustrates that there must very often 
still be some intestinal hurry following ileo- 
sigmoidostomy. After ileosigmoidostomy, 
Case 6 was very satisfactory as far as fre- 
quency and consistency of bowel motions 
were concerned—2 soft motions per day— 
but after partial gastrectomy this patient 
had only 1 formed motion per day. In Case 
5, following ileosigmoidostomy, the patient 
passed 2 to 4 soft and unformed motions 
per day, but following his perforation when 
the fistula was closed and the gastroenteros- 
tomy redone, his motions were reduced to 2 
formed motions per day. In Case 1, following 
ileosigmoidostomy, the patient passed 2 to 3 
formed motions per day, but after partial 
gastrectomy passed only 1 formed motion 
daily. 

Thus the correct conclusion, from this 
study of the number and consistency of 
stools, would appear to be that ileosigmoid- 
ostomy reduces intestinal hurry considerably 
but does not usually, if ever, abolish it. 

As a slight degree of intestinal hurry is 
present clinically in all but 1 of this series, 
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we set out to discover if there was deficient 
intestinal absorption and any evidence of a 
deficiency state which could not be eluci- 
dated by clinical examination. 

It was decided that the most accurate 
measure of intestinal absorption could be 
obtained by the fat balance test, as recom- 
mended by Frazer (4), which had been 
carried out in some of the cases before ileo- 
sigmoidostomy. The result of the fat balance 
test in Case 2, following ileosigmoidostomy, 
our best case so far, is disappointing—77 
per cent fat absorption. (Normal fat absorp- 
tion is 90 per cent and above.) This disap- 
pointing result is difficult to explain in view 
of the excellent clinical result. His bowel 
motions were reduced from 8 to 2 per day 
immediately after operation and they be- 
came of normal appearance. It is perhaps 
likely that there was an error in carrying 
out the test. The test requires very careful 
supervision from beginning to end to ensure 
that the patient gets only the diet prescribed 
for him and that all specimens of feces for 
the 3 day period of collection are saved. 
Breakdown is very likely and has necessitated 
the restarting of the test in some of our other 
cases. This patient should have had the fat 
balance test repeated. It is very unfortunate 
that this was not done. It is doubly unfor- 
tunate that he would not submit to investi- 
gation when last seen in 1952, as we are con- 
vinced that he would have shown fat absorp- 
tion well within the limits of normal. 

In Case 3, the elderly infirm patient 
showed a fat absorption of 90 per cent, a low 
normal, and very satisfactory in view of his 
slightly disappointing number of bowel 
motions per day. In Case 4, the only other 
patient whose record of fat absorption fol- 
lowing ileosigmoidostomy is available shows 
a fat absorption slightly below normal, but 
he is obviously not suffering in health as a 
result of this slightly deficient bowel absorp- 
tion. 

The results of the fat balance test indicate 
that there is sometimes a slight degree of 
deficient intestinal absorption following 
ileosigmoidostomy. 


Fecal fat estimations were carried out in 
some of the cases following ileosigmoidos- 
tomy. The fat content and proportion of 
unsplit fat were higher than normal. Atten- 
tion is drawn to our previous remarks about 
the value of this test; only single estimations 
were carried out. However, a moderately 
high result would be expected in the pres- 
ence of a mild degree of intestinal hurry. 

All other investigations (listed in the case 
reports) have revealed no evidence of a de- 
ficiency state and, where preoperative and 
postoperative estimations are available for 
comparison, normality returns following op- 
eration when abnormality had been recorded 
prior to operation. From the results it can 
be concluded that the slightly deficient in- 
testinal absorption which may remain fol- 
lowing ileosigmoidostomy is of no impor- 
tance. This conclusion is also supported by 
the excellent state of nutrition found on or- 
dinary clinical examination. 

Intestinal hurry was also investigated by 
means of barium meal and follow through 
radiologic examination in Cases 3, 4, 5, and 
6. In Case 3 intestinal hurry was evident 
from the history of 2 to 4 loose bowel mo- 
tions per day and the presence of numerous 
undigested muscle fibers in the stools. The 
barium series confirmed the presence of in- 
testinal hurry. A trace of barium appeared 
in the sigmoid at 3 hours, and at 5 hours 
the sigmoid was well defined with barium. 
This case showed the fastest passage from 
stomach to sigmoid. In Case 4 the sigmoid 
had filled in 7 hours, which is possibly near 
normal. Case 6, following ileosigmoidostomy 
and before further operative intervention, 
showed no evidence of intestinal hurry. No 
barium had appeared in the sigmoid at 6 
hours; it had by then reached the distal 
ileum. The result in Case 5 is of little sig- 
nificance, as the fistula had been closed when 
the barium meal and follow through exami- 
nation was performed, but it perhaps indi- 
cates that the normal rate from stomach to 
sigmoid is about 7 hours and serves as a 
control for the other cases. In a patient with 
a normal small bowel, the time taken for 
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barium to reach the cecum is 7 to 10 hours. 
The only case, then, which shows definite 
radiologic evidence of intestinal hurry, fol- 
lowing ileosigmoidostomy, is Case 3. 

In 3 of the 4 patients who had barium 
meal and follow through examinations fol- 
lowing ileosigmoidostomy an interesting ob- 
servation was made. Once the sigmoid had 
filled, there appeared to be retrograde move- 
ment from the sigmoid to the descending 
colon. This observation suggests that the 
sigmoid and descending colon are used as a 
reservoir for feces and helps to explain the 
infrequency of motions in most patients with 
an ileosigmoidostomy. It is also suggested 
that by this means some absorption of water 
may occur from the large bowel and so lead 
to a more solid consistency of the intestinal 
contents before defecation. It thus is evident 
that, in spite of ileosigmoidostomy, the func- 
tion of the large bowel is, partly at least, 
preserved. 

Although ileosigmoidostomy diverts the 
fecal stream from cecum, ascending colon, 
transverse, and descending colon direct to 
the sigmoid, it is rather remarkable that this 
should make such a difference to the num- 
ber of motions per day, abolish vomiting, and 
lead to such great improvement in the gen- 
eral condition when some of our findings are 
considered. First of all, it is quite obvious 
that feces must pass in retrograde fashion up 
the descending colon, as did the barium on 
follow through examination, and some must 
reach the level of the fistula. Again, in Case 
5, it was found that the ascending colon con- 
tained fresh feces and succinylsulfathiazole, 
given preoperatively, at the operation to re- 
store the normal anatomy of the bowel. In 
Cases 4 and 6, the ascending colon, on 
straight x-ray film, was seen to be filled with 
fecal material. In most cases, then, feces 
must reach the level of the fistula and prob- 
ably pass beyond it. Why do feces not pass 
through the fistula and keep up the jejunitis 
and intestinal hurry? It is possibly due to the 
fact that less feces are passing the fistula than 
normally and perhaps these feces are of a 
more solid nature than before operation. 


However, it seems likely that feces will some- 
times pass through fistula to stomach and 
jejunum. Intestinal hurry is greatly reduced 
but not usually completely abolished by ileo- 
sigmoidostomy. Closure of the fistula (Cases 
1, 5, and 6) abolishes intestinal hurry com- 
pletely. It is suggested therefore, that, al- 
though no fecal material or smell may be 
detected during fractional test meal after 
ileosigmoidostomy, occasionally very small 
quantities of feces pass through into stomach 
and jejunum and so keep up a very mild 
jejunitis. This was shown to happen in 
Case 2. In the fractional test meal flecks of 
feces were seen in some of the specimens. 
This would explain the very slight degree of 
intestinal hurry which is often still evident 
after ileosigmoidostomy. That some degree 
of intestinal hurry is present and that the 
increased number of bowel motions is not 
due to short circuiting the large bowel is 
proved by the result of closing the fistula in 
the patients in Cases 1, 5, and 6, who still 
have ileosigmoidostomies. 

When partial gastrectomy followed ileo- 
sigmoidostomy in this series, the large bowel 
was not resected. The transverse colon was 
separated from the fistula and the resulting 
gap in the colon repaired. Lahey, on the 
other hand, at the second operation resects 
the terminal ileum, cecum, ascending colon, 
and transverse colon to a point just beyond 
the fistula, in addition to carrying out partial 
gastrectomy. Lahey leaves a short blind loop 
of colon, but in the above operations a long 
blind loop is left. In 1 of our patients (Case 4) 
stagnation of feces in the blind loop appeared 
to be proved. During barium meal and 
follow through examination, it was noted 
that cecum and ascending colon were filled 
with fecal material plus a little barium from 
the barium enema carried out 30 days pre- 
viously. This appeared to remain quite static 
throughout the examination. This finding 
caused some concern. It showed the possible 
danger of stagnation of feces in the blind loop 
and it was decided to keep a careful watch 
on this after the patient was discharged from 
hospital. Since then, periodic straight x-ray 
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film of the abdomen has shown that feces 
remain in the ascending colon, but the 
amount varies, indicating that although 
movement of bowel contents here may be 
slow, there is certainly no real stagnation. 
In addition, the patient remains in good 
health over 5 years after operation. In view 
of this finding in Case 4, the other patients 
were checked by straight x-ray film of the 
abdomen and in none was there evidence of 
stagnation of feces in the ascending colon, 
although 1 (Case 6) showed a fairly large 
amount of feces in the cecum and ascending 
colon. In the only case in which it was de- 
cided to restore the normal continuity of the 
bowel (Case 5) fresh feces and succinylsulfa- 
thiazole given preoperatively were present in 
the cecum, and there was no dilatation of 
the cecum. In view of these findings at oper- 
ation, it was doubted whether the abdom- 
inal pain, of which he complained and which 
led to operation, was really caused by back 
pressure in the blind loop. Being wise after 
the event, it would have been better to leave 
his bowel as it was. 

We do not consider that leaving the long 
blind loop of colon constitutes any danger to 
the patient. On the contrary, its retention 
may be of value in that the absorptive ca- 
pacity of the large bowel is retained. It fol- 
lows that we are of the opinion that the 
Lahey colectomy may be unnecessary and 
only adds time to an operation, which, with- 
out colectomy, is a severe strain on the pa- 
tient. 

Far from favoring colectomy, not only did 
we think that the large bowel should be left 
intact but also we had been seriously con- 
sidering the advisability of restoring the 
normal continuity of the bowel in our gas- 
trectomized patients until the fatal outcome 
of this operation in Case 5 gave us cause to 
doubt the wisdom of such an undertaking. 
It was a reminder that such an operation is 
a major procedure accompanied by consid- 
erable risk even in these days of antibiotic 
cover. Until this accident, no definite decision 
had been reached as to whether all patients 
submitted to partial gastrectomy should have 





a further operation to restore normal bowel 
continuity. Now we have no doubt that the 
correct treatment is to leave these patients 
alone. They have no symptoms attributable 
to the presence of an ileosigmoidostomy—we 
believe now that this could also be said of 
Case 5 and so the only reason for restoring 
the normal continuity of the bowel would be 
an undue preoccupation with seeing the 
normal anatomy restored, surely a quite un- 
justifiable reason for subjecting patients to 
considerable operative risk. Stagnation in or 
back pressure in the blind loop of colon 
might have been held as an adequate reason 
for further operation, but, as we now con- 
sider that this danger is negligible, if not 
nonexistent, no argument can be made for 
restoration of normal bowel continuity. 

In Case 5 at the operation for restoration 
of normal continuity of the bowel, it was 
noted that there was gross dilatation of the 
blind loop of ileum at the ileosigmoid anas- 
tomosis and that the stoma itself had stretched 
to 3 to 4 inches in length. When partial 
gastrectomy was carried out in Case 6, the 
ileosigmoid anastomosis was inspected be- 
cause of the findings in Case 5, and again it 
was noted that the blind loop of ileum was 
somewhat dilated. In this case, however, the 
dilatation was not nearly so marked, but this 
may have been due to the fact that the ileo- 
sigmoidostomy had not been present for such 
a long time. This dilatation is a potential 
danger to the patient. It would probably be 
much better to use a lateral type of anasto- 
mosis including the end of the ileum in the 
stoma, in an attempt to prevent this tend- 
ency to dilatation of the blind loop which 
may occur with a side-to-side ileosigmoid 
anastomosis. On the other hand, an anti- 
peristaltic anastomosis may be the answer to 
this problem. Lahey’s anastomosis is anti- 
peristaltic and it may be that the distal ileum 
is less liable to dilatation after an antiperi- 
staltic side-to-side anastomosis. 


SUMMARY 


A series of 6 cases of gastrojejunocolic 
fistula treated by ileosigmoidostomy is pre- 
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sented. In the first case, ileosigmoidostomy 
was followed by partial gastrectomy and 
closure of the fistula, more or less following 
Lahey’s regimen, except that the large bowel 
was not sacrificed. Subsequent patients were 
only subjected to partial gastrectomy if 
symptoms developed showing that further 
operative treatment was required. Of these 
5 patients, 2 required partial gastrectomy 
with closure of the fistula because of the re- 
currence of peptic ulcer symptoms. In no 
case was it necessary to carry out further 
operative treatment subsequent to the 
ileosigmoidostomy merely because of the 
continued presence of the gastrojejunocolic 
fistula. 

It is considered that the second operation 
may well be neither necessary nor desirable 
but that sometimes a second operation is re- 
quired. The investigations and argument in 
support of this contention are presented. 

We are of the opinion that the indications 
for partial gastrectomy and closure of the 
fistula after ileosigmoidostomy are: (1) the 
onset of dyspeptic symptoms indicating fur- 
ther peptic ulceration; (2) the patient whose 
symptoms due to his gastrojejunocolic fistula 
are not adequately controlled by ileosig- 
moidostomy. 

We consider that the contraindications to 
partial gastrectomy and closure of the fistula 
after ileosigmoidostomy are as follows: (1) 
the elderly or unfit patient; (The only indi- 
cation for further operative treatment in the 
elderly or unfit is the occurrence of dyspeptic 
symptoms causing worry to patient and 
doctor, which cannot be controlled by 
dietetic measures.) (2) the patient whose 
symptoms are completely cured by ileosig- 
moidostomy and who has no complaint of 
indigestion. 

Tleosigmoidostomy is favored by us in the 
treatment of gastrojejunocolic fistula be- 
cause: (1) It makes the patient fit for partial 
gastrectomy and closure of the fistula if this 
requires to be done. (2) It is a simple oper- 
ation. (3) It may produce sufficient allevia- 
tion of symptoms as to make further opera- 
tion unnecessary. (4) It is an ideal operation 
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in the old and infirm as, in all probability, it 
will not have to be followed by partial 
gastrectomy. 

However, in the few patients whose gen- 
eral condition permits it, we still believe 
that the operation of choice is partial gas- 
trectomy and closure of the fistula in one 
stage. 

The results of extensive investigations 
carried out on this series of patients are 
given and discussed. Following ileosigmoid- 
ostomy, the following abnormalities only 
have been discovered: (1) very slight degree 
of intestinal hurry except in 1 patient who 
appeared quite normal; (2) very slightly 
deficient intestinal absorption; (3) undi- 
gested food in the stool in 1 case, the elderly 
and unfit patient; (4) high fat content of 
stools. 

These findings were not marked enough 
to cause any concern. All other investigations 
revealed normal results. 

The operative technique and difficulties 
and complications encountered are dis- 
cussed. It is suggested that the large bowel 
need not be sacrificed at the second opera- 
tion and that its preservation probably serves 
a useful purpose. To avoid the dilatation of 
the blind loop of ileum at the ileosigmoid 
anastomosis it is recommended that a modi- 
fied type of side-to-side anastomosis be em- 
ployed. Reconstruction of the normal anat- 
omy of the bowel is considered to be unjus- 
tifiable and dangerous. 

In conclusion, ileosigmoidostomy is con- 
sidered to be an excellent operation in cases 
of gastrojejunocolic fistula, either as a first 
stage procedure or as the one and only op- 
eration, when one stage obliteration of the 
fistula with partial gastrectomy is not pos- 
sible. 
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THE NUTRITIONAL STATUS OF PATIENTS AFTER 





PARTIAL GASTRECTOMY WITH GASTROJEJUNOSTOMY 


FOR DUODENAL ULCER 


HAROLD D. HARVEY, M.D., F.A.C.S., New York, New York 


THIS REPORT deals principally with the nu- 
tritional results which followed elective 
partial gastrectomy for peptic ulcer, with 
particular reference to the amount of stom- 
ach removed. Emergency gastrectomies are 
not included. It covers 1,068 patients, all of 
whom had duodenal ulcers, except 7 pa- 
tients with jejunal and 7 with gastric ulcers 
who are included in a special group that 
underwent vagectomy’ as well as gastrec- 
tomy. 

As of January 1, 1955, we were currently 
in touch with 925 of these patients, 118 oth- 
ers had been followed until death, and the 
remaining 25 (2.3 per cent) had been lost to 
follow-up after an average of 4 years. The 
length of follow-up was from 2 to 19 years. 

In 1953, we reviewed (2) the results fol- 
lowing partial gastrectomy in 898 patients 
who had gastric or duodenal ulcers or both, 
and who were operated on during the period 
between 1936 and 1950. We have again re- 
viewed and brought up to date the records 
of the patients in this group who had duo- 
denal ulcers and added the patients who 
were operated on from 1951 to 1953. Some 
of these patients had a gastric ulcer in addi- 
tion to their duodenal ulcer. The essence of 
our experience during the period from 1936 
to 1953 was as follows: (1) over the years our 
surgical management improved, i.e., there 
were fewer postoperative deaths and late 
obstructions, infections, and hernias in the 
latter part of the period than in the earlier; 


From the Department of Surgery, College of Physicians and 
Surgeons, Columbia University, and the Surgical Service of the 
Presbyterian Hospital, New York. 

This study was carried out with the aid of the Dr. F. B. St. 
John Special Fund. 

The term “vagectomy” is used here to mean usually removal 
of a portion of the right and left — trunks, although some- 
times the nerves were simply divided. 


559 


(2) higher resections apparently were done 
in the later years than in the earlier; (3) the 
results of the shift to higher resections ap- 
peared to show little, if any, improvement 
in the incidence of marginal (jejunal) ulcers 
and to demonstrate a definite increase in the 
incidence of dumping and nutritional prob- 
lems. Whereas, prior to 1945, dumping and 
nutritional problems after operation were a 
rarity, after 1948 they became common- 
place. 


SIZE OF RESECTED SPECIMENS 


As with other clinics, prior to 1953 our 
causes for dissatisfaction with our operative 
results fell into two main categories, namely, 
the recurrent ulcers and the nutritional- 
dumping problems. It appeared that the 
latter increased in number as we increased 
the proportion of stomach that was habitu- 
ally resected. As proof, we had first to show 
that higher resections had in fact been per- 
formed in the years when the dumping and 
nutritional problems were most numerous. 
The surgeon’s estimate of the proportion of 
stomach that was removed, even if stated in 
the operative report, was unreliable. As a 
measure of the amount of stomach removed 
we took instead the length of the resected 
specimens along the greater curvature as re- 
corded in the pathologic reports. In com- 
paring two stomachs to find the proportion 
of each removed, this single measurement 
would be of little value, but, in comparing 
groups of several hundred stomachs with 
each other, any striking difference in this 
measurement among the groups would be 
significant in determining which patients on 
the average underwent higher resections. 
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TABLE 1I.—SIZE OF PORTIONS OF STOMACH RE- 
SECTED FOR DUODENAL ULCER ACCORDING TO 
YEARS OF OPERATION 

1936 to 1948 1949 to 1953 

No. of patients who survived 


SRNR ais gic 656 in selene 486 462 
Estimated usual amount of stomach 
PEMOVED) Per Cent... ..00006% 50 60-75 


Per cent of specimens, according to 
length along greater curvature 


RD ss ois. o si0loo cies vos = + 20 
19:t0: 22cm... Be eee ear 30 31480 
ee 5, a re 23 41 
Marginal ulcers proved or suspected, 
DRRCNMNA 2s 0 5 Rais ate cles aees 7.8 6.3* 


*Shorter follow-up period than for the 1936 to 1948 group. The 
marginal ulcers occurred in the 0 to 18 cm. group at the rate of 8 per 
cent, in the 19 to 22 cm. group at 7.3 per cent, in the 23 cm. plus 
group at 5.1 per cent. 


TABLE II.—SIGNIFICANT NUTRITIONAL AND DUMP- 
ING PROBLEMS AFTER RESECTIONS WITHOUT 
VAGECTOMY* 

1936 to 1948 1949 to 1953 

No. of patients who survived 


“1 LR a ee 486 462 
Estimated usual amount of stomach 

POsPCIEd POF CONE... scvicee sss 50 60-75 
Per cent of patients who lost 5 per 

cent of preop. weight in 3 yrs. 14 31 
Patients with clinically disturbing 

weight loss, per cent. ........;. 24 11.9 
Patients with serious postop. nutri- 

tional defects, per cent......... 1.6 6.3 
Patients noted to have dumping, per 

BABS Win isie oa a Siaiecs ee wlesceleeitenss 9 27 


*Omitting patients with serious ss disease other than 
ulcer, except in the “dumping noted” column. 


The measurements are recorded in Table I, 
which indicates that a larger proportion of 
the stomach was habitually removed during 
the years between 1949 and 1953 than prior 
to 1948. Although included in the tables 
with the earlier years, 1948 was a transi- 
tional year when we were changing over 
from low resections, chiefly of the Polya type 
and usually done through a transverse upper 
abdominal incision, to high resections of the 
Hofmeister type, nearly always done through 
a vertical upper midline incision to permit 
access to the upper half of the stomach. 


RELATION OF NUTRITION TO SIZE OF RESEC- 
TION 


The next problem was to relate the state 
of nutrition of the patients after operation to 
the extent of the resections. For the purpose 
of comparing the state of nutrition of pa- 


tients with high and low resection, we de- 
termined for all of them the answers to the 
following questions, viz., (1) which patients 
within the first 3 years after operation lost 
5 per cent or more of their preoperative 
weight, (2) which patients after operation 
suffered a clinically disturbing weight loss, 
(3) which patients developed nutritional 
problems after operation that needed medi- 
cal attention? In the first question, the 
period of 3 years was chosen so that the re- 
cent cases could be fairly compared with the 
earlier. The period of follow-up must be the 
same for the groups compared because many 
patients who lost weight shortly after opera- 
tion experienced a gain about 5 years later. 
In the second question, the word “‘disturb- 
ing” was interpreted in terms of the pa- 
tient’s need to gain. Patients frequently 
come to operation overweight because of the 
diet that they have been forced to take to 
control their pain. A loss of weight from 200 
pounds to 170 after operation would not be 
disturbing, but a drop from 100 to 95 might 
well be (Table II). 

By all of these standards the result was the 
same. The resections done during the period 
from 1949 to 1953, i.e., those of more than 
50 per cent, clearly led to more dumping 
and nutritional problems than did the 
smaller resections. They led, it is true, to 
many weight losses which clinically were 
not harmful and at times even beneficial, 
but in too many instances they were fol- 
lowed by persistent dumping and under- 
weight of serious proportions. 


ESTIMATION OF PROPORTION OF STOMACH 
REMOVED 


How do we know that the specimens of 
stomach removed during the period from 
1936 to 1947 represented approximately 50 
per cent resections? In 1952, following the 
publication of the work of D. A. Farmer 
and his associates(1, 3) we began subjecting 
a series of patients to resection plus sub- 
diaphragmatic vagectomy, hoping in this 
way to reduce the number of marginal ul- 
cers that followed resection alone. During 
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1952 and 1953 we continued to do high re- 
sections when we did the vagectomies, but 
thereafter a deliberate effort was made to 
avoid removal of more than half the stom- 
ach. The cases with vagectomy therefore 
fall into two groups, one with high resection 
and the other with low. Our method of 
measurement of the stomach at operation 
was inexact but practical. After the lower 
half of the stomach was freed and the duo- 
denum cut across, we allowed the stomach 
to lie without traction in the wound in ap- 
proximately its normal position. A point was 
then selected on the greater curvature that 
was equidistant by straight line measure- 
ment from the pylorus and from the highest 
point on the fundus (this point is always at 
some distance from the esophagogastric 
junction). For purposes of measurement, the 
ordinary metal sucker tube worked well 
enough. A Payr clamp was placed across the 
stomach nearly transversely from the point 
so established on the greater curvature. By 
using the Payr clamp as a hinge, the lower 
portion of the stomach could then be super- 
imposed upon the upper portion, with the 
pylorus lying on the highest point of the 
fundus. The two portions corresponded to 
each other well enough to demonstrate that 
the lower part of the stomach, which was to 
be removed, represented about 50 per cent 
or less of the whole stomach. It could cer- 
tainly be shown that the lower part was not 
twice the size of the upper, which it would 
be if two-thirds of the stomach were being 
removed. For the purpose of this article, 
stomachs measured in this way before resec- 
tion are classified in the 50 per cent resec- 
tion group. When we carried out this simple 
maneuver and then measured the resected 
specimens in the laboratory, we found that 
the lengths along the greater curvature were 
similar to those of the 1936 to 1948 period 
and less than those of the 1949 to 1953 years 
(Tables I and III). 


EFi (CT OF RAPID EMPTYING 


(One factor other than the size of the re- 
secied portion of stomach seems to be im- 
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TABLE III.—SIZE OF PORTIONS OF STOMACHS RE- 
SECTED, WITH VAGECTOMY, ACCORDING TO 
YEARS OF OPERATION 

1952 to 1953 1954 to April 1956 


No. of patients............... 43 59 
Estimated usual amount of 


stomach resected, per cent. 60-75 50 
Per cent of specimens, accord- 
ing to length along greater 
curvature 
PUR GIES «oo 5 cis-cleisis. 15 33f 80 
a: ne ‘of 82 33 
SP Clie MN. 5 cco 3 : 425 ~ 20 
No record........ 3 
No. of patients with persistent 
dumping after operation. . . 6t 0 
No. of patients with serious 
nutritional problems after 
GTN ox nse eseekiss : 2 0 
No. of patients who developed 
probable marginal ulcer.... 1 1 





*Omitting patients with serious complicating disease other than 
ulcer. 
t2 serious. 


portant in relation to the incidence of dump- 
ing. It is best described by giving an illustra- 
tive case. 


S. W., a married female, aged 26 years, underwent 
a high resection as an emergency measure for acute 
massive hemorrhage in 1951. She weighed 105 
pounds before operation. After operation she did 
poorly, largely because of severe persistent dumping. 
She also had psychiatric problems for which she re- 
ceived shock treatments in 1952. She was readmitted 
in November 1955 for revision of the gastrojejunos- 
tomy. Roentgenograms of the gastrointestinal tract 
before the revision showed that barium reached the 
midileum 10 minutes after she had swallowed it 
(Fig. 1). The afferent anastomotic jejunal loop ap- 
proached the stomach from the lesser curvature side 
and the efferent limb descended from the stoma al- 
most vertically, permitting extremely rapid transit of 
barium through the stomach into the small bowel. At 
the second operation the direction of the jejunal loop 
was reversed so that the afferent loop approached the 
greater curvature. Subsequently, it was seen that 
swallowed barium was directed from the stomach 
into the afferent loop and duodenum, from which it 
was ejected on past the stoma by peristaltic action 
little by little into the remainder of the small bowel 
(Fig. 2). The patient weighed 85 pounds shortly after 
the second operation. She has since gained and weighs 
107 pounds. She still occasionally experiences sweat- 
ing and palpitation after meals but no longer has 
severe symptoms of dumping unless she “drinks a lot 
of fluid fast.’’ She has a small stomach and still vomits 
food promptly if she overeats, but this she usually can 
avoid doing. Her case does not resemble the afferent 
loop syndrome described by Jordan. She is working 
and eats a normal diet. Her psychoneurotic person- 





Fic. 1. This roentgenogram of patient S. W. was taken 
with the patient supine 10 minutes after she had swal- 
lowed some barium mixture. It shows very rapid filling 
of most of the small intestine. The arrow points to a small 
amount of barium that entered the afferent jejunal loop 
as it approaches the lesser curvature. This study was done 
during the period when the patient was having severe 
symptoms of dumping after nearly all meals before re- 
vision of the gastrojejunostomy was done. 


ality probably plays a part in her symptom complex, 
and the small size of her stomach has not been 
remedied. 


This case is not cited as an explanation of 


the mechanism of all dumping or as an il- 
lustration of the way that all patients can be 
cured of dumping. It does illustrate an ar- 
rangement of the gastrojejunostomy (that 
done at the first operation) which should 
and can be avoided. We now usually run 
the anastomotic jejunal loop from left to 
right, fastening the efferent loop upward 
along the lesser curvature of the gastric 
stump for about 2 to 3 centimeters. It is hard 
to know how important this maneuver is, 
but there has been no significant dumping 
among the patients who have undergone a 
50 per cent resection plus this type of gastro- 
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jejunostomy, without regard to the size of 
the stoma. 


NUTRITIONAL STATUS OF 
VAGECTOMY 


PATIENTS WITH 

The state of nutrition of the 102 patients 
who had vagectomy with resection can be 
expressed not only in relation to the 948 pa- 
tients who survived high or low resection 
without vagectomy but also in more nearly 
absolute terms, because the 102 patients’ 
heights are all recorded. Their status can be 
summarized as follows: (1) Two patients 
(i.e., 2 per cent of the 102) have developed 
recurrent (jejunal) ulcers and possibly a 
third, although the evidence is against it. 
In 1 of the 2, the vagectomy probably was 
incomplete, as he had free hydrochloric acid 
in his gastric juice after operation. Both are 
now free of evidence of ulcer after a period 
of conservative therapy. This record com- 
pares with 6 per cent of recurrent ulcers that 
developed among the patients who had high 
resections without vagectomy after the same 
length of follow-up. (2) Immediate and late 
undesirable side effects attributable to the 
vagectomy have been unimportant, except 
in 1 patient with postoperative paralytic 
ileus that lasted 8 days and 1 patient who 
appeared to have spasm of the efferent je- 
junal loop for 3 months after operation. 
Both patients recovered fully. Cramps and 
diarrhea in the late postoperative period 
have so far not been frequent or serious. 
Temporary distention and looseness of the 
bowels have been observed in about 10 per 
cent of the cases. (3) All of the patients have 
returned to their customary work or activity. 
(4) Dumping has been eliminated as a com- 
plication of clinical importance. Among the 
43 patients who underwent vagectomy plus 
high resection, 2 have persistent dumping of 
distressing degree, 2 of intermediate degree, 
and 3 of minimal degree, but among the 58 
survivors with vagectomy plus 50 per cent 
resection there are none who have had more 
than mild and temporary dumping symp- 
toms and only 10 who have had even this 
degree of it. (5) The appraisal of the pos'- 
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operative nutritional status of patients can- 
not be based on any one standard. We have 
checked the weights of the resection plus 
vagectomy group against a table of average 
weight for height, age, and sex which was 
prepared by The Equitable Life Assurance 
Society of the United States, based on 60,000 
purchasers of life insurance in 1940. Average 
weight does not imply optimal weight; in 
the United States it may well be above 
optimum. We are informed that it is the 
practice of life insurance companies to allow 
weights as low as 25 per cent below the 
average, without imposing higher than 
normal premiums upon applicants for in- 
surance because of their being underweight, 
i.e., the insurance companies have not 
found that this degree of under average 
weight constitutes a sign of life expectancy 
appreciably shorter than average. If a dis- 
ease is found to accompany the under 
average weight, then the disease is con- 
sidered in setting the premium. 

We have established the following facts 
about the 102 patients who underwent 
partial gastrectomy with vagectomy. (1) 
Thirty-seven are now of average weight or 
above, 49 are less than 20 per cent below 
average weight, 15 are more than 20 per 
cent below average. There was 1 postopera- 
tive death. Of the 15 more than 20 per cent 
below average, 11 have good reasons other 
than the gastrectomy for being so, such as 
malignant tumor, severe rheumatoid arthri- 
tis, severe psychoses, and alcoholism; the 
other 4 of the 15 are all working, although 2 
of them, who had high resections, are some- 
what handicapped by being underweight. 
(2) There are 7 of these 15 patients who after 
operation are more than 25 per cent below 
average weight, and so might constitute 
poorer than average life insurance risks be- 
ca\se of their state of nutrition. All but 1 of 
these has concurrent disease other than ulcer 
adequate to explain the under average 
weight. The other one has always been lean 
an! is now apparently in good health and 
wo: king. (3) The total of 64 per cent of pa- 
tiei's who are under average weight after 
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Fic. 2. This roentgenogram was taken with the pa- 
tient S. W. erect about a half hour after she had swal- 
lowed some barium mixture. The gastrojejunostomy has 
been revised so that the afferent jejunal loop now ap- 
proaches the greater curvature side, running past the 
stoma to the lesser curvature where it is fastened up along 
the stomach wall for about 4 centimeters. Arrows point 
to the afferent jejunum and duodenum which are filled 
with barium from the stomach, some of which has 
gradually gone over into the proximal jejunal loops be- 
yond the stoma. Symptoms of dumping have markedly 
diminished and she has gained 20 pounds from her low 
weight, but her stomach is small and she must eat small 
meals. 


operation is to be compared to a little over 
50 per cent found by the Equitable Life As- 
surance Society among their applicants for 
insurance. Fifteen of the 64 per cent have 
diseases other than ulcer that could explain 
their being under average weight. Of the 
patients whose health is uncomplicated by 
serious disease other than ulcer, 37 (43 per 
cent) after operation are of average weight 
or above and 49 (57 per cent) are under 
average. (4) Of 64 patients now below 
average weight, all of those more than 20 
per cent below and all but 6 less than 20 per 
cent below were below average weight be- 
fore operation. (5) Two of the 102 patients 
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with vagectomy and resection appear to be 
limited in their activity or enjoyment of life 
by their nutritional status alone, i.e., they 
have no complicating disease to explain 
their limitations, and 2 others by persistent 
symptoms of dumping. All 4 of these patients 
were operated on in the years when high re- 
sections were being done. None of the pa- 
tients with vagectomy and 50 per cent resec- 
tion are so handicapped. (6) Only 2 pa- 
tients have been referred to the medical 
clinic after operation, one because of pain 
from a marginal ulcer and the other because 
of dumping. Both of these were in the high 
resection group. In the 50 per cent resection 
group, no nutritional problems have arisen 
that required medical consultation. 


DISCUSSION 


It is evident that in our experience resec- 
tions of more than half of the stomach for 
duodenal ulcer were followed by an ap- 
preciable morbidity due to malnutrition and 
dumping, whereas resections of about 50 
per cent of the stomach, whether accom- 
panied by vagectomy or not, caused few of 
these difficulties. High resections afforded 
little if any benefit in lowering the incidence 
of marginal ulcers as compared to 50 per 
cent resections. The addition of vagectomy 
to 50 per cent resection lowered the in- 
cidence of marginal ulcers and caused few 
disagreeable side effects. This is in agree- 
ment with most of the reports published 
from other clinics. The scarcity of significant 
dumping after 50 per cent resection is a 
strong point in its favor. The state of nutri- 
tion of patients after 50 per cent resection 
with gastrojejunostomy, with or without 
vagectomy, is so satisfactory that in my 
opinion there is no need for introducing 
other procedures, such as the Billroth I 
operation, except perhaps in a few ex- 
ceptional cases. 

The validity of this appraisal of the state 
of nutrition of the patients with vagectomy, 
gastric resection, and gastrojejunostomy de- 
pends largely upon how fairly the patients 
with-severe concomitant disease other than 





ulcer have been evaluated. The operation 


cannot be expected to offset the effects of 


alcoholism, psychoneuroses, or other de- 
bilitating diseases that complicate the ulcer. 
On the other hand, the appraiser must not 
assume that mild degrees of these conditions 
explain all cases of postoperative malnutri- 
tion. Inasmuch as we claim no originality for 
any operative procedure for ulcer, we can 
hope that we have succeeded in being ob- 
iective in appraising the operative results. 


CONCLUSIONS 


1. Gastric resections of more than 50 per 
cent for duodenal ulcers should not be done, 
except perhaps in exceptional cases. 

2. The addition of vagectomy to 50 per 
cent resection results in a lowering of the in- 
cidence of marginal ulcers compared to that 
which follows even higher resections without 
vagectomy. 

3. The nutritional status of patients after 
50 per cent gastric resection with gastroje- 
junostomy and vagectomy has been satis- 
factory in our experience unless the patient 
had a complicating disease that in itself 
could cause malnutrition. 

4. The highest proportion of satisfactory 
results in our experience in treating duo- 
denal ulcers has followed resection of about 
50 per cent of the stomach, with gastroje- 


junostomy and vagectomy and avoidance of 


abrupt descent of the efferent jejunal limb 
from the stoma. A further period of careful 
follow-up observation of the patients who 
have undergone this type of operation is 
needed to substantiate our present impres- 
sion. 
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EXPERIMENTAL USE OF HOMOLOGOUS FASCIA LATA 





TO REPAIR DIAPHRAGMATIC DEFECTS IN DOGS 


ARNE E. SCHAIRER, M.D., and JOHN L. KEELEY, M.D., F.A.C.S., Chicago, Illinois 


ALTHOUGH DIAPHRAGMATIC HERNIAS can 
usually be repaired by approximation of the 
edges of the defect, not all can be treated in 
this way. 

Large defects in the diaphragm may be 
due to congenital or traumatic causes or to 
recurrent hernias. They also may be left by 
necrosis following infection or by extensive 
resection of the diaphragm in continuity 
with a neoplasm. In some patients, a means 
of closing large defects other than suturing 
the approximated edges must be devised. 

Three general types of procedures have 
been used to accomplish closure of large 
diaphragmatic defects. One is by releasing 
tension on the diaphragm peripherally to 
allow approximation of the edges of the 
defect without undue tension. This release 
has been accomplished by preliminary extra- 
pleural thoracoplasty, resection of small seg- 
ments of ribs, and elevation of the attach- 
ment of the diaphragm. 

The second type of repair includes the use 
of nearby structures to close the opening. 
These include renal fascia, latissimus dorsi 
muscle, and a lobe of the liver. 

The third procedure makes use of a patch 
of a wide variety of materials. Among these 
are metallic mesh, cutis grafts, autogenous 
fascia lata, and preserved homologous fascia 
lata, lyophilized or preserved in antihista- 
mine solution. The presence of metallic mesh 
near the esophagus and aorta and the ab- 
scesses and granulomas associated in some 
instances with cutis grafts are real objections 
to these materials. The experimental work 
with preserved homologous grafts of fascia 
la’. has not been completely convincing. 


m the Departments of Surgery, Stritch School of Medicine 
of | »vola University and Mercy Hospital, Chicago. 
! \is work supported in part by Grant-in-Aid No. 149 from 
the \merican Medical Association. 


Having in mind large diaphragmatic de- 
fects in the newborn in whom the removal 
of fascia lata for an autologous graft would 
add undesirable trauma or hazard as would 
the use of renal fascia, latissimus dorsi mus- 
cle, or the liver, we considered the use of a 
fascia lata patch obtained from one of the 
parents as a possibility. A review of the 
literature discloses no study of the use of 
fresh homologous fascia lata in repairing 
large diaphragmatic defects. As a basis for 
possible justification of its use in repairing 
diaphragmatic defects in man, we undertook 
the following investigation. 


METHODS AND MATERIALS 


Twenty-one adult mongrel dogs weighing 
from 9 to 14 kilograms were used. Diaphrag- 
matic defects were repaired in 14 dogs. Fresh 
homologous fascia lata was obtained from 
one thigh of 6 and both thighs of 4 dogs used 
as donors. Three donors later received grafts 
of homologous fascia lata. 

Intraperitoneal injection of pentobarbital 
sodium in amounts of 27 milligrams per kilo- 
gram provided the anesthesia. Respirations 
were maintained by intermittent insufflation 
of room air through an endotracheal tube. 
After the skin of the donor animal had been 
suitably prepared, all the fascia lata avail- 
able was removed through a longitudinal 
incision in the thigh. The fascia lata was 
placed in a surgical sponge moistened with 
saline solution while the incision in the donor 
animal was closed. 

The left thoracic cavity of the recipient 
animal was approached through the bed of 
the tenth rib. The central tendon of the left 
hemidiaphragm was excised as was part of 
the muscular portion. There remained a 
border of about 14 centimeter medially and 
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Fic. 1. 





Fic. 2. 





Fic. 3. 

Fic. 1. a, The fresh fascia lata homograft used to patch 
the defect. b, A representation segment of the diaphragm 
excised for creation of the defect. 

Fic. 2. Intact diaphragm with normal curvature. 

Fic. 3. Thegross appearance of the left hemidiaphragm 
removed at necropsy 2 weeks after insertion. 





1 centimeter along the costal margin. ‘The 
average defect measured 5 by 7.5 centime- 
ters. Figure 1 shows the excised segment of 
diaphragm and the fascia lata homograft to 
be used in the repair of the resulting defect. 
The graft, trimmed to fit the defect, was 
held in place with interrupted fine cotton 
sutures which imbricated the edges. The 
lung was re-expanded, and the chest was 
closed in layers without drainage. Approx- 
imately 1 hour elapsed between the time the 
graft was obtained and its installation in thie 
recipient animal. No antibiotics were used. 
All animals survived. 

The animals were active in the postoper :i- 
tive period and presented no abnormaliti«s 
on physical examination. Skin disorders we: ¢ 
noted in 2 animals. Roentgenograms in 5 
animals revealed no deformity of the d:.:- 
phragm (Fig. 2). The animals were sac) '- 
ficed 2 at a time, 14, 1, 2, 4, 6, 10, and ‘2 
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Fic. 4. Photomicrographs of the fascia lata homografts 
removed at necropsy (all magnified 40 times). a, Two 
weeks after insertion. The area of the homograft is the 
central two-thirds of this photomicrograph that is darker 
than the rest. The upper and lower surfaces of the graft 
are covered with fibrin from the host. All tissues are in- 
filtrated with round cells. b, Less edema and round cell 
infiltration than noted in (a). The round cell infiltration 
is most perivascular. c, Two months after insertion. Less 


months subsequent to the insertion of the 
graft. 

The gross appearance of the homografts 
and patches of fresh fascia lata examined at 
necropsy 2 weeks after their insertion mani- 
fested considerable inflammatory reaction 
(Fig. 3). The grafts were red, thick, firm, 
and lightly adherent to adjacent viscera; the 
silvery collagenous bundles normally visible 
were obscured. Microscopic examination 
(ig. 4a) revealed both surfaces of the graft 
to be covered with fibrin from the host in- 
filtrated with round cells. The graft was 
elematous and also was infiltrated with 
round cells. Higher magnification revealed 
degenerating fibroblasts in the fascial graft 
aiid early organization of the host’s fibrinous 
reaction. 





Schairer and Keeley: HOMOLOGOUS FASCIA LATA FOR DIAPHRAGMATIC DEFECTS 





d e 


edema than noted in (b). The host’s fibrous reaction now 
consists principally of collagen bundles. d, Four months 
after insertion. The lung above and liver below are ad- 
herent to the homograft in the central part of the photo- 
micrograph by the host’s fibrous reaction. The homograft 
at this time resembles normal fascia and cannot be distin- 
guished from the tissue reaction of the host. e, Twelve 
months after insertion. The host’s fibrin reaction and the 
homograft cannot be identified as separate tissues. 


The homografts observed 1 month after 
their transplantation had less inflammatory 
reaction than those which had been in place 
for only 2 weeks. The month old grafts were 
light gray, thick, firm, and partially adherent 
to adjacent viscera. Their microscopic ap- 
pearance (Fig. 4b) disclosed less edema and 
fewer inflammatory cells, most of which were 
in perivascular spaces. Higher magnification 
revealed early ingrowth of fibroblasts in the 
graft and complete organization of the fibrin. 

The homografts examined 2 months after 
their transplantation showed still less evi- 
dence of inflammatory reaction. They were 
somewhat thicker and denser than normal 
fascia lata but this change was much less 
than that found in the grafts removed at 
earlier necropsies. The silvery collagenous 
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bundles could be seen in the parts of the 
graft not covered by adhesions. On each 
side of the graft microscopic examination 
(Fig. 4c) disclosed quite dense collagenous 
fibers with small fibroblasts and a little 
perivascular infiltration with round cells. 
The homografts examined 4 months after 
their transplantation were similar to normal 
fascia lata in thickness, consistency, and ap- 
pearance. The silvery collagenous bundles 
were readily visible wherever the surface of 
the graft was free of adhesions. Microscopic 
examination (Fig. 4d) revealed the collage- 
nous bundles on each side of the graft to be 
about the same density as the fascia lata 
homograft. The photomicrograph shows the 
lung and liver adherent to the homologous 
fascial graft by the host’s fibrous tissues. 
There was very little evidence of inflamma- 
tion. Upon higher magnification the fascia 
lata homograft had a uniform distribution of 
living fibrocytes. One of the animals sacri- 
ficed at this time had a serious skin disorder 


and had lost weight. The homograft in this 


animal was thin and bulged into his chest, 
similar to an eventration of the diaphragm. 
All the other homografts in this study healed 
solidly and remained intact for the entire 
period of observation. 

The homografts examined 6, 10, and 12 
months after their insertion closely resembled 
fascia lata. No inflammatory reaction was 
noted on microscopic examination (Fig. 4e) 
except that usually found in the immediate 
vicinity of nonabsorbable sutures. Higher 
magnification of the homograft and the host’s 
adjacent tissue revealed them to be of equal 





density and to have about an equal number 
of living fibrocytes. The differentiation be- 
tween the former homograft and the host 
tissues was difficult if possible at all. 

Measurement disclosed the average 
amount of shrinkage for all grafts was 20 per 
cent. Adhesions were noted between adja- 
cent viscera and the graft in almost all ani- 
mals and between the anterior part of the 
incision in the chest wall and the homograft 
in 5 animals. 


SUMMARY 


Fresh homologous fascia lata was used to 
repair large diaphragmatic defects in dogs. 
Gross and microscopic studies of the grafts 
were obtained at necropsies performed at 
intervals during the observation period of 1 
year. 

A subacute inflammatory reaction was 
present in the grafts that were in place a 
short time. This reaction was absent from 
the grafts examined 4 months or more after 
insertion. Although it remained intact, there 
was weakness in 1 homograft in an animal 
that had a skin disorder and had lost weight 
during the period of observation. 

In the remaining 13 animals, the defects 
were soundly closed by the homografts 
which showed microscopic structure similar 
to the original fascia lata at the end of 4 
months and later. 

On the basis of these experiments, it would 
seem reasonable to use fresh patches of 
fascia lata homografts to repair large dia- 
phragmatic defects in man, should the neces- 
sity arise. 
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TESTICULAR TUMORS IN INFANTS AND CHILDREN 


JOHN T. PHELAN, M.D., LEWIS B. WOOLNER, M.D., and 
ALVIN B. HAYLES, M.D., Rochester, Minnesota 


TESTICULAR TUMORS have received consider- 
able attention in the surgical literature of 
the last few years, and large collected series 
of cases with follow-up data have been pub- 
lished; but there is little information con- 
cerning these lesions in infants and children. 
It is the purpose of this article to present our 
findings in a study of testicular tumors in 
infants and children seen at the Mayo Clinic, 
and to offer the results of a search of the 
literature in this field (11). 


MATERIALS AND METHODS 


Examination was made of the records of 
all children 14 years of age or younger 
whose condition was diagnosed at the Mayo 
Clinic between 1932 and 1952, inclusive, as 
malignant testicular tumor. Only those 
cases in which tissue was available were re- 
tained for study, and in all, 9 were collected 
thus. Routine histologic sections stained 
with hematoxylin and eosin were used 
throughout. When necessary, multiple sec- 
tions and serial block sections of an entire 
lesion were studied. 


CLASSIFICATION 


Although the histogenesis of testicular tu- 
mors is not fully understood, the work of 
Friedman and Moore, Moore and Dixon, 
O'Connell and Geschickter, and others has 
provided a satisfactory histologic classifica- 
tion of these tumors. The recent versions 
recognize two well defined groups of testic- 
ular tumors, the germinal and the non- 
germinal. Constituting the germinal group 
ate seminomas, teratomas, embryonal car- 
cinomas, chorioepitheliomas, and combina- 


m the Sections of Surgical Pathology and Pediatrics, Mayo 
Cli and the Mayo Foundation, Rochester, Minnesota. 
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tions of these neoplasms. The nongerminal 
tumors of the testis are tumors similar to 
neoplasms which arise in other parts of the 
body. Interstitial cell tumors, androblas- 
tomas, and tumors arising from the rete 
testis are the only lesions in the nongerminal 
group which are specifically gonadal in 
origin. 

In our series, 5 tumors were of the germi- 
nal type. Of these, 1 was a teratoma and 4 
were embryonal carcinomas of the testis. 
The remaining 4 were classified as malig- 
nant neoplasms, probably sarcoma, and 
were considered to be in the nongerminal 


group. 
THE GERMINAL TUMORS 


Teratoma 


Case 1. In August 1950, at the age of 6 weeks, an 
infant was found to have a hydrocele in the left scrotal 
sac. During the ensuing 12 months progressive en- 
largement of the hydrocele was observed. At operation 
a testicular tumor was found in association with the 
hydrocele. Simple orchiectomy was performed, and 
the postoperative course was uneventful. Repeated 
follow-up examinations revealed that the patient had 
remained in good health for 414 years following the 
initial treatment. 

Pathologic examination revealed a tumor measur- 
ing 2 by 1 by 1.7 centimeters in the body of the testis. 
The tunica albuginea and epididymis were intact. 
The tumor appeared well circumscribed, and the cut 
surface was firm and grayish white with minute cystic 
spaces. 

Histologically, the tumor was a teratoma made up 
of a mixture of well differentiated tissue, mainly 
cartilage, smooth muscle, and microcystic spaces 
lined by squamous and columnar epithelium of in- 
testinal type (Fig. 1a). Serial block sections of the 
entire tumor revealed one narrowly limited region of 
small cell malignant tissue resembling neuroblastoma 
(Fig. 1b). 


Embryonal Carcinoma 


Case 2. In December 1950, the parents of a 12 
month old boy observed that the infant’s left testis was 
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Fic. 1. Case 1. Malignant teratoma. a, Histologic section showing teratomatous structure (X35). 
b, Small area of malignancy in one section (300). 


enlarged. Findings of physical examination were nor- 
mal otherwise. A simple left orchiectomy was per- 
formed 1 month later, and radiation therapy was 
given postoperatively. In May 1951, during a routine 
postoperative checkup, a mass was palpable in the 
left flank. Roentgenologic examination revealed the 
mass in the left renal region, and an excretory uro- 
gram showed marked hydronephrosis of the left kid- 
ney. Shortly after the discovery of this mass, the child 
became irritable and refused his food; his condition 
deteriorated rapidly, and he died on May 30, 1951. 
Necropsy was not performed. 

Histologic examination of this tumor revealed an 
embryonal carcinoma of glandular structure through- 
out, with extensive necrosis, hemorrhage, and occa- 
sional papillary infoldings (Fig. 2a). 

Case 3. The parents of a 17 month old boy noted a 
painless swelling of the left side of the child’s scrotum. 
This enlargement persisted for 3 weeks before medical 
advice was sought. Physical examination revealed no 
other abnormality, except the mass in the left scrotal 
sac. At operation, a solid tumor of the testis was evi- 
dent and left orchiectomy was performed. Radiation 
therapy was given postoperatively. The patient died 
13 months later from the effects of widespread metas- 
tasis. Necropsy was not performed. 


Histologic examination of the tissue removed at 
operation revealed an embryonal carcinoma which 
had broad sheets of large, anaplastic, epithelium-like 
cells with some differentiation into glandular spaces. 
Multiple large nucleoli, numerous mitotic figures, and 
zones of necrosis were present (Fig. 2b). 

Case 4. In June 1940, a 14 year old boy sustained 
an injury to his right testis. One month later, painless 
swelling of this injured testis was observed. Medical 
advice was not sought until December 1940. The re- 
sults of the physical examination at this time were 
essentially normal, except for enlargement of the right 
testis, which was hard and as large as an apple. Simple 
orchiectomy was performed. During the postoperative 
period the patient received radiation therapy directed 
to his abdomen and lumbar region, and subsequently 
he was dismissed from the hospital. He was well until 
March 1941, when he complained of dull aching pain 
in the lower part of the abdomen. On physical exam- 
ination at the clinic a mass with a diameter of 10 cenii- 
meters was detected in the suprapubic region. Fur- 
ther radiation therapy was administered to the ab- 
domen, and improvement in his condition was notd. 
A few months later a roentgenogram of the tho: ix 
revealed metastatic lesions in the lungs. The patier'’s 
condition steadily deteriorated with gradual enlarve- 
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Fic. 2. Embryonal carcinoma. a, Case 2. A reticulum-like pattern with papillary infoldings 
(X110). b, Case 3. Tendency toward glandular formation (110). 


ment of the abdomen, increase in the pulmonary 
metastasis, and the development of tumor tissue in the 
skin of the right lower leg. He died in August 1941. 

Histologic examination revealed embryonal carci- 
noma of glandular type with much necrosis (Fig. 3a). 

Case 5. In a 13 year old boy who had been under 
medical observation since January 1943, because of 
fever of undetermined origin, a painless swelling of 
the left testis was observed in September of that year. 
Physical examination at the time revealed the pres- 
ence of abdominal and inguinal masses in association 
with a hard, nodular tumor that filled the entire left 
scrotal sac. The boy was seen then at the clinic and 
was considered to be in the terminal stages of his dis- 
ease. The only procedure performed was removal of a 
specimen from the left scrotal mass for examination. 
Death occurred shortly after the patient’s return home. 

i listologic examination revealed an embryonal car- 
cinoma composed of large anaplastic epithelial cells 
with a slight tendency to gland formation (Fig. 3b). 


Tlik NONGERMINAL TUMORS 


‘ASE 6. A painless enlargement of the left side of 
scrotum was noted in a 5 year old boy in May 
) i, Approximately 2 weeks later this region was 
ied by radiation without benefit of biopsy. The 


patient was seen at the clinic in May 1932 because of 
continued enlargement of the scrotal mass. At physica] 
examination, the scrotum was reddened and fixed to 
an enlarged, hard, tender testicular mass that meas- 
ured 15 by 10 by 8 centimeters. Results of the re- 
mainder of the examination were normal. Simple 
orchiectomy was performed, and the patient received 
postoperative roentgenologic therapy directed to the 
lumbar and abdominal regions. A follow-up study 
disclosed that this patient was living and well 17 
years later. 

Histologic examination of this tumor revealed a 
spindle cell sarcoma apparently arising in the tunics 
of the testis. Multinucleated giant cells also were 
present (Fig. 4a). 

Case 7. A 6 year old boy first noted a painless 
swelling of the left part of the scrotum in April 1939. 
Medical treatment was not sought until October 
1939, at which time a hard tumor about the size of a 
walnut occupied the left side of the scrotum. Other 
results of the physical examination were normal. Left 
simple orchiectomy was performed, and roentgen 
therapy was given postoperatively. The patient re- 
mained in good health until August 1940, when he 
complained of generalized abdominal discomfort. At 
physical examination a hard, nodular mass was felt 
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marked degree of glandular differentiation (180). 
noina of the testis in adults (110). 


in the left upper quadrant of the abdomen. The pa- 
tient was seen shortly thereafter at the clinic, and was 
considered to be in a terminal phase. He returned to 
his home and succumbed in November 1940. 

Histologic examination showed an undifferentiated 
spindle cell sarcoma which had infiltrated striated 
muscle. Elongated acidophilic cytoplasmic processes 
were present, and although cross-striations were not 
demonstrated, the tumor was considered to be a 
rhabdomyosarcoma (Fig. 4b). 

Case 8. In June 1940, a boy 7 years of age was 
found to have an enlargement on the left side of the 
scrotum. No other abnormalities were noted on physi- 
cal examination. Two weeks later, simple orchiectomy 
was performed for a tumor of the testis. The patient 
was considered to be in good health until December 
1940, when he complained of generalized abdominal 
distress. Physical examination at that time revealed 
a hard, tender mass measuring 8 by 8 centimeters low 
in the abdomen. Radiation therapy was directed to 
this region and symptoms were relieved. However, 
the clinical course was progressively downhill, and the 
child died from widespread metastasis in April 1941. 

Histologic examination revealed a tumor pattern 
similar to that seen in Case 6. The tumor was found 
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Fic. 3. Embryonal carcinoma. a, Case 4. An unusual form of embryonal carcinoma exhibiting a 


b, Case 5. A pattern commonly seen in carci- 


to involve the testicular tunics, and normal striated 
muscle fibers were seen in a number of sections 
(Fig. 5). 

Case 9. In February 1946, a 13 year old boy re- 
ceived a blow to his right testis. Considerable swell- 
ing and pain of the involved organ ensued from this 
trauma, and 2 weeks later surgical intervention was 
deemed necessary. At operation, a testicular neoplasm 
was discovered and simple orchiectomy was _ per- 
formed. The patient received roentgen therapy during 
the postoperative period. The boy enjoyed good 
health until June 1946, when his parents noticed that 
his appetite was poor and he complained of general- 
ized abdominal discomfort. Physical examination 
revealed a tender, fixed upper abdominal mass, and 
he received further radiation therapy. However, iis 
condition deteriorated rapidly; he died in August 19 !6. 

Histologic examination showed a spindle cell nvo- 
plasm considered to be a fibrosarcoma. 


REVIEW OF THE LITERATURE 

Testicular tumors in infants and childr:n 
are rare. In the surgical literature beginning 
with Julien’s collected series in 1925 and 
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Fic. 4. Sarcoma. a, Case 6. Undifferentiated sarcoma of the testis. No evidence of teratoid trans- 
formation (130). b, Case 7. Undifferentiated sarcoma of the testis; probably a rhabdomyosarcoma 
(X110). 


continuing through 1954, a total of 464 
cases were reported (11). This figure in- 
cludes the 137 cases reported by Julien and 
171 cases collected by Guilleminet and 
Fourrier and reported in 1949. Except for 
those two large collected series, the vast 
majority of the literature devoted to the sub- 
ject is limited to reports of single cases. 

A critical examination of the reports of 
the 464 cases classified as testicular tumors 
in infants and children indicated that a 
large number do not have sufficient docu- 
mentation to permit their reclassification on 
a histologic basis. In 185 of the cases, no 
pathologic data were given except state- 
ments that the tumors were testicular in 
origin. This group is composed essentially of 
cases included by authors in large series of 
adult testicular tumors or in papers devoted 
to the treatment of testicular tumors in both 
acilt and pediatric age groups. 





The remaining 279 cases of testicular tu- 
mors in infants and children were reported 
by the authors as specific types of gonadal 
tumors. However, the great majority were 
difficult to evaluate because the histologic 
description or photomicrographs were either 
lacking or unsatisfactory for definitive histo- 
logic classification. In addition, the clinical 
and follow-up data were in the majority of 
cases either not adequate or not presented at 
all. 

Comparative incidence and malignancy. De- 
spite the lack of detail encountered in our 
review of the literature, we were impressed 
by the finding that in the majority of case 
reports teratoma of the testes in infants and 
children was described as being a clinically 
benign tumor. Julien in 1925, and Rusche 
and Mostofi in more recent publications 
have commented on the benign behavior of 
teratoma of the testis in this age group. 
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The tumors of the testis reported by au- 
thors as embryonal carcinoma were the 
most difficult to evaluate, because of the 
conditions already stated. However, the tu- 
mors we accepted as embryonal carcinomas 
were Clinically highly malignant neoplasms. 

Seminomas and chorioepitheliomas ap- 
pear to be extremely rare testicular tumors 
in the pediatric age group, if they occur at 
all. We found reports of 4 cases of “‘semi- 
noma’”’ of the testis and of 2 cases of ‘‘chorio- 
epithelioma”’ of the testis occurring in in- 
fants and children. But the reports included 
neither detailed microscopic descriptions 
nor photomicrographs, and it was, there- 
fore, impossible to accept them as proof of 
the existence of seminomas or chorioepitheli- 
omas in this age group. 

The present résumé does not offer a com- 
plete accounting of all morphologic varia- 
tions of nongerminal testicular tumors. 
However, we did find interstitial cell tumors 
of the testis to be the commonest new 
growth in this group, as indicated by 
Mayers. 

Noteworthy series. Although the informa- 
tion derived from review of the literature 
was limited in respect to the histopathology 
and clinical course of the patients whose 
cases were reported, a number of publica- 
tions are worthy of special comment. 

Julien, in the report of his findings from 
137 cases of testicular tumors in infants and 
children, noted that more than half of the 
testicular tumors in these patients occurred 
during the first 5 years of life. Thirty-two 
tumors in his series were described as ‘‘tera- 
tomas’”’ of the testis. He considered these tu- 
mors relatively benign, as metastasis was 
known to have developed in only 1 case. 
The remaining 105 lesions he classified as 
mixed tumors, with a comment on the diffi- 
culty of proper classification caused by their 
complex histopathologic pattern. 

Mostofi reported the cases of 24 children 
with testicular tumors observed at the 
Armed Forces Institute of Pathology. Fif- 
teen of these tumors were classified as em- 
bryonal carcinomas, 7 as teratomas, and 2 


as of undetermined nature. He presented tio 
follow-up data concerning the patients with 
the embryonal carcinomas. All of those with 
teratoma were reported as living and well, 
but the period of observation was not stated. 

Dean studied testicular tumors of 8 pa- 
tients in the pediatric age group. He gave 
the opinion that testicular tumors in these 
patients are clinically and_ histologically 
similar to their counterparts in adults. 

Magner, Campbell, and Wiglesworth re- 
cently reported on 7 testicular tumors that 
they had studied in young children. They 
considered the tumors in this series to be a 
distinctive group, and used the term ‘“‘adeno- 
carcinoma with clear cells” to designate 
them. Three of his patients were living after 
10 years, 7 years, and 6 years respectively. 
Two patients were alive and well without 
recurrence after 1 year, 4 months and 1 
year, 5 months. Two patients had died as a 
result of their tumors, one 22 months and 
the other 8 months after the initial treat- 
ment. 

Gross treated testicular tumors in 12 in- 
fants and children. No microscopic descrip- 
tion accompanied his report. However, his 
follow-up study revealed that 1 patient with 
a teratoma was alive and well 4 years after 
simple orchiectomy. Seven patients were 
considered to have had embryonal carci- 
noma of the testis; 3 of these were living and 
well after 3 years or more and 1 patient was 
entirely well 1 year later; 3 patients died 
from the effects of their tumor within 1 year 
of their initial treatment. Of 2 children 
whose tumors were described as adenocar- 
cinoma and carcinoma of the testis, the 
former was living and well for a period of 6 
months while the latter succumbed 6 months 
after excision of the tumor. One patient who 
had had a seminoma of the testis at 11 years 
of age was living and well 3 years after siim- 
ple orchiectomy. 

Rusche collected reports on testicular 
tumors in 12 infants and children and de- 
scribed 8 teratomas, 3 embryonal carci- 
nomas, and 1 dermoid. All patients with 
teratomas were living and well after 2 yeas 
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or more, as was 1 patient with the dermoid 
of the testis. Of the 3 patients with embryo- 
nal carcinoma, 1 was living and well 5 years 
after initial treatment, while the remaining 
2 patients had succumed from the effects of 
their tumor within 1 year of operation. 


COMMENT 


‘Testicular tumors in infants and children 
are rare, as is shown by our finding of only 
464 reports of such cases in the surgical 
literature. An additional 9 cases were found 
in the files of the Mayo Clinic and provided 
the basis of this report. 

According to the review of the literature, 
teratomas of the testis in infants and chil- 
dren are clinically rather benign tumors. 
This finding is in contrast to the experience 
of Moore and Dixon with adult teratomas of 
the testis, in which they found a 5 year mor- 
tality rate of 29 per cent. In our 1 case, the 
teratoma of the testis showed a microscopic 
focus of malignancy. The patient, however, 
has survived 414 years without evidence of 
recurrence. Thus, our study does not ex- 
plain the apparent difference between the 
degree of malignancy of teratomas of the 
testis in adults and that of such tumors in 
children. 

The 4 embryonal carcinomas of the testis 
in our series were highly malignant by both 
clinical and histologic standards, and no 
patient survived more than 2 years following 
initial symptoms. Such findings are com- 
parable to those of reported series in adults. 

The remaining 4 tumors in our series were 
sarcomatous in histologic appearance. In 
the 1 gross specimen suitable for anatomic 
study (Case 6), the tumor appeared to in- 
volve mainly skin and the testicular tunics. 
Centrally massive necrosis was found and no 
actual testicular tissue could be identified. 
In 2 other cases histologic involvement of 
smooth or striated muscle was noted on 
multiple block sections from the original 
tissue, but the gross specimens were no 
longer available for study. Moore and Dixon 
considered sarcomatous patterns in adult 
tes\icular tumors as malignant transforma- 





: Ss. oe. 
Fic. 5. Case 8. Irregular closely packed tumor cells 
resembling a sarcoma (130). 
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tions of teratoid elements. However, in the 
multiple sections made from our sarco- 
matous tumors we were unable to find any 
evidence of teratoid structure. The fact that 
foci of muscle were present leads us to be- 
lieve that these 4 tumors probably arose 
from the tunics of the testis or from the sup- 
portive muscle of the testis. 

We encountered no cases of seminoma or 
chorioepithelioma of the testis in our series, 
and the surgical literature indicates that 
these two types of neoplasm are extremely 
rare in the pediatric age group. 


SUMMARY 


Nine cases of testicular tumor in the 
pediatric age group have been described in 
clinical and histologic detail as seen at the 
Mayo Clinic. In addition, reports of 464 
cases of testicular tumors in infants and 
children were discovered in a review of the 
surgical literature. Teratomas of the testis in 








patients of pediatric age seem to be rela- 
tively benign tumors. Embryonal carci- 
nomas are highly malignant, as are a group 
of tumors described in our own series as un- 
differentiated 
chorioepitheliomas in infants and children 
are pathologic rarities. 


sarcomas. Seminomas and 
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PERCUTANEOUS TRANSFEMORAL SELECTIVE RENAL 
ARTERIOGRAPHY IN PATHOLOGIC CONDITIONS 


OF THE KIDNEY 


ALFREDO AGUZZI, M.B., Ch.B., F.F.R., MASSIMILIANO CAMPANI, M.B., Ch.B., F.F.S., 
and SERGIO CHIAPPA, M.B., Ch.B., D.R., Pavia, Italy 


AFTER THE FIRST ATTEMPTS to visualize the 
branches of the abdominal aorta separately 
were made by Farifias in 1941 and not fur- 
ther developed, attempts to accomplish the 
same purpose were later resumed by Radner 
and Brodén and associates in 1948, and by 
Bierman and associates in 1951. These in- 
vestigators succeeded in visualizing some 
collateral vessels of the aorta by introducing 
a cardiac catheter, bent at its initial tip, into 
a previously prepared vessel. 

To obviate the inconvenience of the car- 
diac catheter becoming exceedingly flexible 
at body temperature when in the blood 
stream and thus losing its initial curvature 
so that it could no longer be guided from 
without, Tillander (14, 15) replaced it by a 
special catheter, the end of which consisted 
of a series of small metal cylinders linked by 
ball and socket joints and which, by means 
of a strong magnetic field placed outside the 
patient, could be guided under radioscopic 
control and pushed up into the aortic 
branch that was to be visualized. 

However, all these methods presented 
the disadvantage of requiring surgical meas- 
ures which, though more or less important 
according to the artery chosen for insertion 
of the catheter, often involved some risk of 
postoperative thrombosis, necessity of ligat- 
ing the vessel isolated, and wound infection. 

Seldinger (4, 13) and Odman (10, 11), 
independently of each other, devised very 
similar techniques, simpler than the pre- 
ceding ones since they presented the great 
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advantage of not requiring preparation of 
the vessel. These methods permit the intro- 
duction of the catheter percutaneously into 
the femoral artery by the aid of a special 
device, and passage of the catheter to the 
level of the aortic branch to be catheterized. 

The present study was directed at in- 
vestigating the arterial renal circulation in 
the presence of pathologic conditions. 


METHOD 


We applied the method proposed by Od- 
man except that 1 to 2 hours before the 
angiographic examination was begun, all 
the patients were subjected to retropneumo- 
peritoneum by introducing, via retrococcyx, 
1 to 1.5 liters of oxygen. 

The equipment consists of a ‘“‘needle- 
cannula with a chuck,” a comparatively 
flexible catheter which can be molded into 
the desired curved shape by warming, and a 
metal guide consisting of a steel spiral one 
end of which is less rigid than the rest. 
Moreover, the catheter presents two other 
important features: it is radiopaque and re- 
tains its shape at body temperature. 

To perform selective arteriography of the 
renal artery, the femoral artery is punctured 
by means of the cannulated needle under 
local anesthesia (1 per cent novocain) im- 
mediately under the inguinal ring,’ and, 
after removing the chuck, the flexible end 
of the metal guide is introduced through the 


1The femoral artery chosen is, as a rule, the one on the same 
side as the renal artery to be visualized. In young, and especially 
tall, subjects as well as in some pathologic cases (e.g., throm- 
bosis of a femoral artery), the catheter may be introduced 
through the contralateral femoral artery. 








needle. After this has been withdrawn, the 
catheter is moved along the guide until it 
penetrates into the lumen of the vessel. 
When the catheter lies in the femoral artery, 
the metal guide is withdrawn, and the 
catheter is advanced under radioscopic con- 
trol toward the heart of the patient until its 
tip—which is now in the circulatory tree— 
reaches the level of artery to be catheterized. 

By suitable maneuvers, and always under 
radioscopic control, it is now possible to 
pass the tip of the catheter (previously fixed 
in the desired curved shape) into the artery. 

At this moment, 10 to 15 cubic centimeters 
of contrast medium are injected, and, dur- 
ing the injection, a series of roentgenograms 
is performed. After completion of the radio- 
graphic examination, the catheter is with- 
drawn, when compression is exerted upon 
the point where the needle has perforated 
the femoral artery in order that an eventual 
hemorrhage may be checked. 

The easy performance of selective angiog- 
raphy according to Odman’s method, the 
almost absolute absence of complications, 
and finally the possibility of introducing the 
catheter into the lumen of the vessel without 
surgical procedure are such signal advan- 
tages as to render this method decidedly 
superior to any other proposed hitherto. 

In performing the first selective angio- 
grams, no matter according to what method, 
Odman’s not excepted, examination of the 
vessel to be catheterized may involve serious 
difficulties, especially in subjects affected 
with arteriosclerosis. The tortuosity of the 
vessels compels the catheter to describe 
curves and countercurves which limit its 
maneuvering qualities and, in some cases, 
even prevent its progress. In this connection, 
it should be borne in mind that the pro- 
gressive motion of the catheter is brought 
about by movements imparted to the part 
which remains outside, movements which 
are always comparatively imperative and 
restricted within narrow limits. But by ex- 
perience a dexterity is acquired rendering 
catheterization of the vessel comparatively 
quicker and examination less traumatizing. 
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As to the eventual complications which 
may result from catheterization of an artery, 
it should be remembered that Bierman and 
associates, in a total of 24 selective arterio- 
grams, observed only 2 cases of occlusion of 
the common carotid artery (they had iso- 
lated in order to introduce the catheter) 
with consequent contralateral hemiplegia, 1 
case of infection of the surgical wound and 
aneurysm of the carotid attended by hemi- 
plegia, and finally 1 case of thrombosis of 
the left brachial artery followed by gan- 
grene of the homologous upper limb. 

Morino and Tarquini, who recently ap- 
plied the technique devised by Radner, 
were compelled to ligate the brachial artery 
into which they had introduced the catheter, 
after surgically isolating it, 3 times in 18 
cases. As is well known, owing to the rich 
network of collateral vessels in the upper 
limbs, the occlusion of the brachial artery 
is almost always free from serious conse- 
quences. Nevertheless, should the stoppage 
be occasioned by thrombosis rather than by 
ligation—an event which may, though sel- 
dom, occur after catheterization of an artery 
—the consequences might be much more 
serious. 

Odman’s technique presents the great ad- 
vantage, in comparison with other methods, 
of not requiring preparation of the vessel, a 
fact which spares the arterial wall trauma- 
tization and lesions and thus eliminates one 
of the most important causes of thrombosis. 
On the other hand, this technique presents 
the disadvantage of using the femoral ar- 
tery, which often lacks a sufficient collateral 
circulation, for introduction of the catheter. 

Nevertheless, Morino and Tarquini’s af- 
firmation that ‘eventual lesions of the 
femoral artery due to preceding catheteri- 
zations may occasion even serious and irrep- 
arable anatomic and functional injuries” 
seems to be a too drastic one, especially if 
the data afforded by both the experience of 
the Swedish investigators and the present 
studies are taken into account. 

Among all the patients subjected to per- 
cutaneous selective angiography, a sinzle 
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Fic. 1. Case 1. Percutaneous selective angiography of the right renal artery. Scarce vascularization 
of the organ. The arteries are small in caliber and are rapidly decreasing; capillary network prac- 
tically absent. Diagnosis: Hypoplastic kidney? Renal arteriosclerosis (secondary shrunken kidney)? 

Fic. 2. Case 1. The left renal artery. Arteriographic finding, normal. 


case of thrombosis of the femoral artery 
occurred during the maneuvers performed 
under radioscopy, the patient complaining 
of a sudden pain attended by a feeling of 
formication and cold in the limb homo- 
lateral to the point of introduction of the 
catheter. In this case it was necessary to 
intervene about 2 hours after angiographic 
examination, and the thrombus was re- 
moved from the femoral artery. Owing to 
this prompt action, practically no sequelae 
resulted. We later ascertained that this pa- 
tient was affected with thrombophilic dia- 
thesis. Since this occurrence, before carrying 
out percutaneous selective angiography, we 
systematically perform laboratory tests with 
the view of establishing the blood coagula- 
tion power of the patients to be subjected to 
angiographic examination. 

We wish to emphasize the use of retro- 
pneumoperitoneum. In practice this has 
helped us to identify the renal artery more 
quickly and to interpret the angiograms 
better. In fact, by isolating the kidney from 
the surrounding tissues and demarcating its 





contours, the retropneumoperitoneum ren- 
ders it possible not only to locate this organ 
and consequently to make out the approxi- 
mate point of origin of the renal artery but 
also to visualize the course of the vessels, 
especially in their terminal parts. 

We have examined by this method 35 
patients affected with various renal diseases, 
but only those cases which disclosed a de- 
cidedly pathologic picture are reported 
here. 


CASE REPORTS 

Case 1. A. I., a 58 year old man, complained of a 
feeling of weight in the right side of a few years’ dura- 
tion and of moderate intermittent hematuria for a few 
months. The urogram showed “‘functional silence” of 
the kidney on this side; normal findings on the left 
side. The retropneumoperitoneum was inconclusive 
regarding the condition of the right kidney because 
the oxygen did not reascend into the right renal artery 
in the quantity required. 

Percutaneous selective angiography of the right 
renal artery was performed by introducing 13 cubic 
centimeters of 50 per cent joduron after catheteriza- 
tion of the right femoral artery. A notable scarcity of 
arterial vessels with a rapid reduction of caliber and 
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Fic. 3. Case 2. Urogram showing a defect of filling, involving the inferior calyces and the lower poll 
part of the renal pelvis, as if an extrinsic mass were compressing these formations. _ 
Fic. 4. Case 2. Percutaneous selective angiography of the right renal artery. The lower branch of L 
the renal artery presents an abrupt angulation and its interlobar tract assumes a rectilinear direction, whe 
losing the usual sinuosity of its course. The minor vessels branching off from this branch have un- on | 
equal calibers and circumscribe a zone of parenchyma scarcely supplied and less opaque with re- if a 
spect to the remaining renal tissue. The surrenal artery is visible at its direct departure from the main be ¢ 
renal branch. Diagnosis: (Necrosed?) malignant tumor of the caudal pole of the right kidney. the 
Fic. 5. Cut surface of specimen from Case 2. The neoplastic tissue, partly necrosed and exceedingly pye 
friable, occupies the lower part of the renal pelvis. ius 
Fic. 6. Same as Figure 5, after removal of the neoplastic mass. bis 
P 
nearly complete exhaustion of the circulation at the The diagnosis which was made in this instance a 
level of the cortex (Fig. 1) was observed. The nephro- was questionable hypoplasia of the right kidney or of 1 
graphic effect was practically absent, and the kidney arteriosclerosis of the right kidney (secondary shrunk- eal 
appeared undersized. en kidney). 7 
At the same time a percutaneous selective angio- Case 2. A. P., a 49 year old man, complained of ae 
gram of the left renal artery was taker (Fig. 2). A pain of rather long standing in the right flank raci- of 4 
normal arterial circulation was observed with big ating to the thigh, hematuria, pollakiuria, asthen’., es 
vessels and numerous ramifications. and emaciation. 
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Che urogram (Fig. 3) revealed a defect of filling 
involving the group of the inferior calyces and the 
pelvis of the right kidney, and on the left side, normal 
findings. 

Percutaneous selective angiography of the right 
renal artery (Fig. 4) was carried out by introduction 
of 15 cubic centimeters of 50 per cent joduron after 
catheterization of the homolateral femoral artery. The 
lower branch of the right renal artery presented a 
sharp angulation while its interlobar tract assumed a 
rectilinear direction, losing the usual sinuosity of its 
course. The minor vessels branching off of it presented 
different, abnormally nondecreasing calibers and 
seemed to circumscribe an area strikingly poor in 
vessels, well evidenced, also in the nephrographic 
phase, by a decided diminution of opacity. The sur- 
renal artery was also visible at its direct departure 
from the main renal branch. The diagnosis was malig- 
nant tumor, partly necrosed, of the inferior pole of 
the kidney. 

On surgical intervention the lower pole of the right 
kidney appeared slightly enlarged; palpation revealed 
a mass, the size of a nut, of soft elastic consistence, 
occupying the renal pelvis. Nephrectomy was per- 
formed. The section of the kidney removed showed a 
neoplastic mass almost completely occupying the in- 
ferior calyces and the lower part of the renal pelvis 
(Fig. 5) though respecting its walls. This mass, at its 
departure from the lower pole of the kidney, con- 
sisted of partly necrosed tissue, so friable as to be al- 
most totally removed during the delicate lavage of 
the anatomic specimen (Fig. 6). 

Histologic examination showed “tubular adeno- 
carcinoma.” Radiography, performed after intro- 
duction of a radiopaque substance into the main 
artery of the kidney removed (Fig. 7) confirmed the 
observations made by means of the selective angiog- 
raphy. 

Case 3. S. M., a 69 year old man, had suffered from 
pollakiuria and hematuria of 1 year’s duration and 
complained of a feeling of weight in the right flank. 

Urography (Fig. 8) showed an enlargement of the 
whole right kidney. The middle and inferior calyces, 
on this side, appeared divaricate and compressed, as 
if a mass of regular spherical contours, such as may 
be observed in cystic forms, was insinuating between 
them. The absence of an intimate involvement of the 
pyelitic walls as well as their regular and gradual de- 
formation might suggest a prima facie diagnosis of a 
big renal cyst. 

Percutaneous selective angiography of the right 
renal artery (Fig. 9), carried out after introduction 
of 15 cubic centimeters of 50 per cent joduron and by 
catheterization of the left femoral artery, showed that 
all the branches of the renal artery were dislocated 
toward the cephalic region of the organ. The vessels 
co! the middle and lower part of the kidney followed 
a ‘ortuous course initially and terminated in a net- 





Fic. 7. Case 2. Injection of barium suspension (mé- 
lange) into the right renal artery. No visualization of the 
arterial, medullar and cortical, branches of the inferior 
polar region. 


work of pathologic character, in which no sign of 
vasal architecture was any longer recognizable, and 
eventually resulted in vast amorphous spots of the 
blood lake type (Fig. 10), typical of malignant neo- 
formations (such as hypernephroma). The diagnosis 
was malignant tumor of the lower pole of the right 
kidney. 

On surgical intervention the inferior pole of the 
right kidney appeared notably enlarged (Fig. 11), 
yellowish, and presenting a knotty surface; nephrec- 
tomy was therefore performed. 

Section of the anatomic specimen revealed (Fig. 12) 
that the lower half of the kidney consisted of newly 
formed tissue, yellow in color and lardaceous in ap- 
pearance, presenting irregular contours. Histologic 
examination confirmed the presence of a clear-cell 
carcinoma (hypernephroma). Radiography of the 
anatomic specimen performed after introduction of a 
radiopaque substance into the main artery of the 
kidney removed (Fig. 13) corroborated the observa- 
tions made by means of the selective angiography of 
the renal artery. 

Case 4. L. F., a 27 year old woman, complained of a 
feeling of weight and moderate pains in the left flank 
of several years’ duration. No hematuria nor any 
other urinary symptoms were present. Objective ex- 
amination revealed a mass the size of a fetal head, 
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Fic. 8. Case 3. Urogram. The middle and inferior 
calyces of the right kidney appear divaricate, deformed, 
and compressed by an intrinsic mass with prevailingly 
extrapelvic development. 


oblong, with a smooth surface, of hard elastic con- 
sistence, mobile both passively and during the respira- 
tory movements, indolent. The lower margin of said 
mass reached 2 transverse fingers below the iliac wing. 

Urography showed “‘functional silence” on the left 
side (Fig. 14). From this side it was impossible to per- 
form an ascending pyelographic examination inas- 
much as, on cystoscopy, the left urethral outlet into 
the bladder was not found. 

Percutaneous selective angiography of the left renal 
artery (Fig. 15) was carried out after catheterization 
of the right femoral artery. Ten cubic centimeters of 
joduron were introduced. The origin of the renal 
artery lay in its usual position. The main vessel was 
thin and did not differentiate, as to its caliber, from 
the successive branches. The interlobar and inter- 
lobular vessels were thin, their caliber uniform, 
scarcely dichotomized. The renal parenchyma was 
represented by small islets of tissue in which the 
arteries were distributed in tufts. The nephrographic 
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image was limited to these small areas which appeared 
to be separated by large zones, roundish and trans- 
parent. 

Since the patient refused surgery, it is impossible io 
furnish an anatomicopathologic diagnosis. Neverthe- 
less, on the basis of the clinical and arteriographic 
findings, our diagnosis was a “giant hydronephrosis.” 
a hypothesis suggested by the following elements: ab- 
normal enlargement of the renal hilum, elongation of 
the main arterial vessels whose uniformity of caliber 
was characteristic of a slow, gradual development of 
the organ, absence of the functional renal parenchy- 
ma, obviously destroyed because of some compressive 
mechanism connected—in our opinion—with the 
dilatation of the pyelitic cavities, and finally uni- 
laterality of the condition (the percutaneous selective 
angiography of the right renal artery, Fig. 16, evi- 
denced, in fact, a normal kidney). 

In this case, a diagnosis of “‘polycystic kidney” 
might have been put forward as well; but it seemed 
to us that such a diagnosis was untenable and should 
be discarded since the morbid process involved not 
only the parenchyma but also the renal pelvis, as the 
abnormal enlargement of the hilum revealed. 

Case 5. A. S., a 60 year old mah, about a month 
before in perfectly good health, suddenly remarked 
hematuria of the terminal type, pollakiuria, especially 
in protracted orthostatic position, and vesical tenes- 
mus. This first event was followed by a second 10 days 
before admission to our clinical hospital. 

Urography showed “‘functional silence” on the left 
side. 

On cystoscopic examination the presence of a 
tumefaction of the shape and size of a pigeon’s egg, 
covered with hyperemic mucosa, was observed in 
correspondence with the urinary meatus. The tume- 
faction was sessile and presented rare contractile 
movements. The urethral meatus, so restricted as not 
to permit the passage of the catheter, was visible on 
its summit. Ascending pyelography was, therefore, 
impossible. 

Percutaneous selective angiography of the left renal 
artery was carried out after catheterization of the 
right femoral artery (since the left one presented signs 
of partial thrombosis) and by introduction of 10 
cubic centimeters of 50 per cent joduron. The uppe: 
pole of the left kidney was entirely depopulated. No 
impression was observed on the renal artery, and 
retropneumoperitoneum showed that the upper pole 
of the kidney was not enlarged and presented regular 
contours (Fig. 17). 

The most tenable hypothesis put forward after per- 
cutaneous selective angiography was the one pointing 
to a “defect of vascularization of the upper pole of the 
left kidney.” The regularity of the kidney contours. 
so well evidenced by the retropneumoperitoneum, a: 
well as the absence of anomalous vessels and a patho- 
logic capillary circulation (blood lakes) rendered th« 
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Fic. 11. 


Fic. 9. Case. 3, Percutaneous selective angiography of 
the right renal artery (arterial phase). The branches of 
the renal artery are dislocated toward the cephalic region 
of the organ and their ramifications appear immediately 
tortious and slightly dilated owing to obvious difficulty 
of discharge. The arteries of the lower half of the kidney 
are not visible. 


Fic. 10. 





Fic. 12. 


Fic. 10. Angiography of the right renal artery (capillary 
phase). In the lower part of the kidney the vascular net 
is pathologic, characterized by vast spots of the “‘blood 
lake” type. Diagnosis: Malignant tumor (of the hyper- 
nephroma type) of the caudal pole of the right kidney. 

Fic. 11. Gross specimen from Case 3. 

Fic. 12. Cut surface of specimen from Case 3. 
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Fic. 13. Case 3. Injection of barium suspension into 
the right renal artery. Same result as with percutaneous 
selective angiography. 


presence of a pathologic process involving the paren- 
chyma exceedingly doubtful. 

On surgical intervention the existence of an upper 
polar vessel, directly originating from the aorta, was 
ascertained. The clinical symptomatology was due to 
a ureterocele (whose presence had been suggested by 
the cystoscopic finding) which was subsequently 
treated endoscopically and by electroresection. 


DISCUSSION 


On the basis of our experience we believe 
that renal percutaneous selective arteriog- 
raphy constitutes a most practical method 
for solving problems which, otherwise, could 
not be easily cleared up. 

The chief interest of this study resides in 
the possibility of visualizing the structural 
abnormalities of the kidney through the 
architectonic representation of the arterial 
vessels. The seriographic study on injection 
of the contrast medium permits us to ob- 
serve the gradual filling of the vessels and 
their distribution, two important factors in 


a systematic investigation of the manner in 
which arteries and capillaries ramify. 

Apart from the often glaring variations of 
the main arterial branches, careful atten- 
tion should be devoted to the study of 
arciform arteries, particularly of the inter- 
lobar arteries, since these vessels are of the 
utmost importance from a diagnostic view- 
point. Of less importance is the stage of total 
opacification of the organ, which is reached 
only too late, for in this phase it is impossible 
to bring to view changes of vessel tone con- 
ducive to a more correct interpretation of 
the radiologic pictures. 

On the first radiograms of normal indi- 
viduals the chief vessels of the kidney main- 
tain, in spite of inevitable superpositions, a 
distinct individuality uniformly distributing 
their sinuous branches close to the cortex 
where, after some minor subdivisions, they 
suddenly terminate and end in the capillary 
bed. This course varies according to age: in 
elderly subjects a greater tortuosity of the 
chief branches and a lesser abundance of 
secondary ramifications with reduced opaci- 
fication of the capillaries is observed. These 
anatomic radiographic acquirements are 
important for the interpretation of the 
pathologic pictures, especially with respect 
to the differential diagnosis of each separate 
form of disease. 

The radiographic pictures which may be 
obtained under pathologic conditions may 
be reduced to three fundamental types re- 


spectively characterized by: (a) absence of 


the vascular network in a particular sector; 
(b) deviation or amputation of one or more 
vessels; (c) appearance of a pathologic vasal 
network. 

Taking into account the fact that these 
images may also be variously represented in 
one and the same picture, the possibility for 
a differential diagnosis, especially in the 
delicate province of benign and malignant 
tumors, can only emerge from a thorough 
study of the course of the arterial branches. 
It so happens, for example, that a sharp 
stop or crowding of the vessels as against 1 
compact and rigid obstacle evidences the 
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Fic. 14. 





Fic. 16. 


presence either of a cyst or a hydronephrotic 
cavity, whereas the finding of small deviated 
vessels or vessels of unequal calibers attests 
to the presence of a neoplastic mass. 

Some surprise may be excited by the 
anomalous vessels originating directly from 
the aorta (see Case 5), inasmuch as they 
supply segments of organs which, on radio- 
graphic examination, appear completely de- 
populated, with a misleading appearance of 
pathologic encumbrance. The deviation 
from Odman’s method which we suggested, 
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Fic. 14. Case 4. Urogram with compression on the 
ureters. ‘‘Functional silence” on the left side. On the 
right side, normal secretory activity with precocious, 
intense appearance of opaque urine showing a moderate 
but uniform dilatation of the pyelic cavities. 

Fic. 15. Case 4. Percutaneous selective angiography 
of the left renal artery. Abnormal elongation of the main 
vessels with poverty of peripheral subdivisions, limited to 
capillary tufts, and absence of supplied parenchyma. 
Diagnosis: Giant hydronephrosis of the left kidney. 

Fic. 16. Case 4. Percutaneous selective angiography 
of the right renal artery. Regular distribution of the 
vessels as in young subjects. 


i.e., the systematic use of retropneumoperi- 
toneum, seems to be particularly useful in 
these studies, since it affords a better defined 
image of the size and contours of the 
kidney. 

As to the anomalous renal vessels directly 
originating from the aorta, aortography, by 
demonstrating all the collateral vessels at 
the same time, affords surer and more con- 
sistent results. However, such a method may 
be applied only in a limited number of 
cases considering not only the risk this tech- 
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Fic. 17. Case 5. Percutaneous selective angiography 
of the left renal artery. No opacification of the upper pole 
of the kidney owing to autonomous supply from polar 
vessel directly from the aorta. Retropneumoperitoneum 
permits observation of the regular morphology of the 
organ, and particularly of the upper pole, which ex- 
cludes any possibility of intrinsic neoformative lesions. 
Diagnosis: Defect of vascularization owing to anomalous 
polar vessel directly departing from the aorta. 


nique involves but also the incidents which 
are liable to occur later on, especially with 
respect to renal function. In fact, Idbohrn 
and Berg demonstrated, on the basis of ex- 
periments carried out in rabbits, that the 
injection of 50 per cent umbradil provokes 
alterations, though of transitory nature, of 
the renal parenchyma attended by modifi- 
cations of the permeability of the glomeruli 
and notable albuminuria (17.5 per cent or 
more) whether the contrast medium is in- 
troduced into the carotid, the renal artery, 
or directly into the aorta. In the course of 


aortographic examinations, Alwall and his © 


associates observed 8 cases of renal suffer- 
ing followed by 2 deaths. Miller and _ his 
associates, in a series of 250 aortographies, 
had an incidence of renal damage of 3 per 
cent. 

Clinical and experimental results demon- 
strated that the renal damage after aortog- 
raphy depends on both the high pressure 
under which the contrast medium is in- 
jected and its toxicity, consequently in pro- 
portion to the amount employed. Now, who- 


ever is conversant with aortography knows 
that to obtain satisfactory results high pres- 
sure on introduction as well as high concen- 
tration of the contrast medium cannot be 
dispensed with. It follows that renal selective 
angiography is far less dangerous than 
aortography, and insures decidedly superior 
results. The advantage of selective angiog- 
raphy with respect to aortography resices 
in the fact that, by the former, it is possible 
to study the pathologic kidney alone and to 
expose it to comparatively little trauma, 
since a small amount of contrast medium 
and a low pressure are required. This meth- 
od enabled us to make some otherwise 
rather puzzling diagnoses, and furthermore 
supplied such exact information concerning 
the site and extent of the pathologic lesions 
as to indicate less extensive surgical inter- 
vention. 


SUMMARY 


In 35 patients affected with surgical dis- 
eases of the kidney, percutaneous trans- 
femoral selective renal arteriography was 
carried out according to Odman’s method. 
All the patients were subjected, 1 to 2 hours 
before percutaneous selective angiography, 
to retropneumoperitoneum, a_ procedure 
which proved very useful both for easier 
identification of the renal artery and for ob- 
taining a greater contrast of the visualized 
vessels. 

The most interesting cases are reported 
and discussed. 

Percutaneous transfemoral selective renal 
arteriography proved a comparatively sim- 
ple examination, almost free from complica- 
tions, of great practical value, especially in 
those cases in which neither clinical nor 
urographic examination had indicated a 
certain diagnosis. 
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NONOSTEOGENIC FIBROMA OF BONE 





CLINTON L. COMPERE, M.D., F.A.C.S., and SHERMAN S. COLEMAN, M.D., 


Chicago, Illinois 


NONOSTEOGENIC FIBROMA is a benign defect 
in the metaphyseal region of the long bones, 
displaying rather characteristic histologic 
and radiologic features, and occurring pre- 
dominantly in young people. It is contro- 
versial whether it is a neoplasm, a develop- 
mental defect, a reaction to injury, or a 
residue of inflammation. 

In 1921, Phemister concluded that these 
lesions are inflammatory and introduced 
the term chronic “fibrous”? osteomyelitis. 
Schroeder and others, described similar de- 
fects under the name of ‘“‘xanthic giant cell 
tumors,”’ calling attention to the foam cells 
and giant cells commonly present in the 
lesion. Burman and Sinberg, along with 
Jaffe, looked upon the disease as a solitary 
xanthoma, or a form of ‘‘lipoid granuloma- 
tosis;’’ and later, in 1942, Jaffe and Lich- 
tenstein introduced the term ‘‘non-osteo- 
genic fibroma,” while at the same time 
Coley and Miller referred to them as ‘‘atyp- 
ical giant cell tumors.”’ Hatcher expressed 
his opinion that these lesions are not true 
neoplasms; he therefore proposed the more 
noncommittal term ‘‘metaphyseal fibrous 
defect.”’ Schlumberger and others consid- 
ered the disease a form of fibrous dysplasia. 
It is due to this disparity of opinion that we 
have been prompted to record our observa- 
tions on 20 patients with this lesion. Recog- 
nition of this rather common entity by sur- 
geons and pathologists will be facilitated by 
the acceptance and use of uniform diagnostic 
terminology. 


INCIDENCE: SEX PREDOMINANCE AND AGE 
DISTRIBUTION 


The frequency of this condition is not 
accurately known because of two factors: 
(a) disagreement exists among observers 
with regard to diagnostic nomenclature for 


this lesion; (b) and many are probably 
asymptomatic and are never discovered. It is 
more common than generally believed. 
Sontag and Pyle in periodic serial studies of 
200 otherwise healthy children, found cor- 
tical defects consistent with this lesion in 54 
per cent of boys and 22 per cent of girls at 
one age or another. Similarly, Caffey con- 
cluded that between 7 and 20 per cent of 
all knee joints examined radiographically 
between the ages of 2 and 12 years will 
exhibit such defects. Though in private 
practice these lesions are frequently en- 
countered, it is our impression that clinically 
they are not seen quite as often as these 
figures suggest. The sex incidence is variable 
and is difficult to assess properly. Clinically 
it is encountered more frequently in males 
than in females, but it has been suggested 
that the increased frequency of trauma in 
boys may account for a greater number of 
roentgenograms being taken, thus uncover- 
ing more asymptomatic lesions. On the 
other hand, Sontag and Pyle found a 5 to 
2 male predominance in their random study. 
It is identified most frequently in individuals 
between 8 and 20 years of age. It has not 
been reported in boys younger than 2 years 
and in girls younger than 4, and it is rarely 
observed in individuals older than 20. 


ROENTGENOGRAPHIC APPEARANCE 


Roentgenologically, it represents one of 
the most distinctive lesions of the skeleton 
with respect to size, shape, location, and 
over-all appearance. It is consistently meta- 
physeal and eccentric in location. It may 
consist of a very small, oval defect in the 
periphery of the cortex (Fig. 1a), or it may 
extend into the medullary cavity, occupyi!g 
a considerable width of the bone (Fig. 1b); 
or it may involve the entire thickness of a 
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Fic. 1. 


Fic. 1. Roentgenograms of 12 year old patient, who 
complained of mild pain in the right knee. a, The small 
eccentrically situated cortical lesion can be seen clearly 
(arrow) in the distal metaphysis of the femur on the 
lateral side. Note the gently scalloped border of bone, 
slightly increased in density which appears to separate 
the lesion from the remainder of the femur. Biopsy 
showed typical histologic findings of a nonossifying 
fibroma. b, X-ray film of 12 year old patient, whose 
first symptom of the lesiori was a fracture following 
minimal trauma. After the healing of fracture, the en- 
tire area was resected and bone grafted. The lesion 
involves a major portion of the entire width of the bone. 
The scalloped border is prominent, and, although it 
appears to have septate loculations, this is deceiving; 


bone in such thin bones as the fibula, ulna, 
and radius (Fig. 2). It is radiolucent, oval 
in shape, and usually longer than it is wide. 
Only occasionally does one exceed 5.0 centi- 
meters in length and rarely more than 1 
lesion may exist in the same bone (Fig. 3). 

The periphery is sharply demarcated from 
the surrounding bone in all cases. The larger 
lesions often exhibit irregular, smooth locula- 
tions, separated from the marrow cavity by 
a thin “scalloped” zone of sclerotic bone. 
The loculations are more apparent than 
real, being represented by ridges of increased 
density in the wall of the lesion (Fig. 4b). 
Occasionally, peripheral lesions may exist, 
which extend outward from, and usually 
communicate with, the main lesion(Fig. 5b). 
Rarely, there may be no significant periph- 
eral zone of increased density, and the 
lesion may appear merely as an oval, 
punched-out lesion, eccentrically situated in 
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Fic. 2. 


the septa do not traverse the center of the lesion, but 
rather represent ridges in the bony wall. The entire 
histologic section is shown in Figure 11a. 

Fic. 2. Roentgenogram of a 12 year old patient whose 
first symptom was a fracture through the lesion incurred 
when she twisted her ankle. The lesion is located in the 
metaphysis of the fibula; it involves the entire width of 
the bone, and exhibits a scalloped, sharply circum- 
scribed, irregularly loculated shape. This lesion was re- 
sected and a sliding bone graft was performed. 


the metaphyseal cortex of a long bone. The 
roentgenographic diagnosis would be un- 
certain with such findings as these (Fig. 6a 
and b). 


PATHOLOGY 


When examined en bloc, the periphery of 
the defect is usually well circumscribed by a 
thin layer of compact bone of variable 
thickness (Fig. 7a and b). The borders are 
often scalloped. The contents of the lesion 
presents a honeycomb mosaic of yellow, 
grey, and different shades of brown. In a 
general way, these different areas represent 
the tissue types found in the lesion; thus, 
the yellow areas represent xanthic or choles- 
terol histiocytosis or even fatty marrow; the 
gray zones are composed of fibrous tissue; 
the brown tissue contains hemorrhage, pig- 
ment, fibrous tissue, and giant cells. Mix- 
tures throughout the lesion are usual. 
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Fic. 3. Roentgenograms of patient who sustained a 
traumatic fracture of the middle shaft of the tibia. There 
were no previous symptoms. The presence of 2 typical 
nonossifying fibromas was noted. Both these lesions were 
curetted and packed with bone chips. 

Fic. 4. a and b, Roentgenograms of both legs of an 18 
year old colored male, who complained of a lump over 
the medial upper aspect of the right leg. An osteochon- 
droma of the proximal end of the right tibia and an 


Microscopically, the principal component 
is fibrous tissue intermingled with a variable 
number of giant cells (Figs. 7b and 8b). 
The fibrous tissue is uniform and benign, 
containing whorls and bundles of spindle 
cells. The giant cells are consistent in size, 
having a pale blue cytoplasm and contain- 
ing usually 3 to 10 nuclei in each cell (Figs. 
8c and 9). For this reason it is not uncom- 
mon for these lesions to be mistakenly re- 
ported as giant cell tumors, particularly 
when the patient’s age, the locations of the 
lesion, and the radiographic picture are not 
known by the pathologist. Histologically, 
however, the resemblance of this lesion to 
true giant cell tumor of bone is only super- 
ficial; and with careful study, one should 
not be confused with the other. 

Other microscopic features include hem- 
orrhage, hemosiderin, cholesterol ‘‘slits,’’ 
and focal collections of foam (xanthoma) 
cells (Fig. 10). Xanthoma cells are present 
in many, but probably not all. One of the 
important distinguishing features is the ab- 
sence of any bone formation within the 
lesion per se; this obtains in all cases not 





Fic. 4. 


eccentrically situated cortical lesion in the proximal 
metaphysis of the left tibia were demonstrated. Both 
lesions were resected. The histologic section of the sur- 
gical specimen is seen in Figure 7a. 


complicated by fracture. Since most of these 
lesions are subjected to curettement rather 
than block excision, thorough tissue study 
may not be possible in all cases, and certain 
of the elements previously described may 
not be encountered. 

One or another of these histologic features 
often predominates in any section or in any 
lesion. Consequently, one lesion may consist 
almost exclusively of spindle cells and giant 
cells; another may exhibit abundant col- 
lections of foam cells interspersed through- 
out a spindle cell stroma; or another may 
have a random sampling of all elements. 
To a certain extent, this is governed by the 
source of the specimen; also, it is conceivable 
that these differences may represent various 
stages in the development of the lesion. How- 
ever, the total histologic picture throughout 
the evolution of the defect is not well known; 
and it is not clear which cytologic features 
predominate in different stages of progres- 
sion and healing. A histologic study of a 
circumscribed, sclerotic, presumably healed 
defect in an adult is not known to us and 
has apparently not been reported. 
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Fic. 5. 


Fic. 5. a and b, Roentgenograms of patient who 
sustained a fracture of the medial malleolus of the right 
leg in July 1953. The lesion in the left distal tibial meta- 
physis was discovered incidentally when comparative 
roentgenograms of the opposite limb were obtained. 
The patient had no symptoms referable to this lesion. 
The surgeon elected to observe this patient, and 3 years 
later (March 1956) questionable enlargement of the 
lesion was noted (b). The apparent enlargement is 
probably due to the difference in view. The patient 


In those cases which have been subject 
to recent fracture, additional microscopic 
features may be added which are manifesta- 
tions of the healing callus. It is not uncom- 
mon then to have areas of fibrous bony 
callus (Fig. 11a and b). In some instances 
these may be mistakenly interpreted as in- 
tegral parts of the lesion; and they can thus 
be confused, on superficial examination, 
with such conditions as fibrous dysplasia. 
It is therefore important that the tissue 
under study actually contain a bona fide 
portion of the lesion rather than the healing 
reaction of earlier trauma, and it is helpful 
also to know whether or not fracture through 
the lesion has occurred. 


PATHOGENESIS 


Chough the pathogenesis of this condition 
is not wholly understood, some behavior 
characteristics are well-known. Using serial 





Fic. 6. 


still has no symptoms and operative treatment is not 
being contemplated at this time. 

Fic. 6. Roentgenograms of a 12 year old patient who 
sustained a slight twisting injury and suffered a fracture 
through the femur at the level of the lesion demonstrated. 
a, The oblique view reveals what appears to be a centrally 
situated punched-out lesion in the metaphysis of the 
distal femur. This particular lesion does not have a 
scalloped periphery, and the bone immediately adjacent 
does not possess the usual increased density. b, The 
lesion occupies an eccentric position, characteristic of 
that found in nonossifying fibromas. This illustrates the 
importance of multiple views for diagnosis. The lesion 
was curetted and bone-grafted, after healing of the 
fracture. 


x-ray studies, Hatcher followed these lesions 
through various stages of development. It 
was found in the early stages, that there is a 
limited area of reduced density in the meta- 
physis, either central or peripheral, which 
lies very close to the epiphyseal disc. With 
bone growth, the defect moves further away 
from the epiphyseal plate; and during the 
process of tubulation, the defect eventually 
occupies part of the cortex of the bone, 
becoming predominately a peripheral, cor- 
tical lesion. 

Accepting this method of development, 
several ultimate manifestations may be pos- 
tulated; the defect may remain small, in the 
periphery of the cortex, giving rise to little 
or no symptoms and persisting as a typical 
“cortical defect’; it may increase in size, 
extending into the medullary cavity, but re- 
maining principally confined to the cortex; 
or it may involve a significant portion of 
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Fic. 7. a, Low power view of an en bloc section of the 
specimen demonstrated in Figure 4b. Note the dense, 
uniform appearance of the lesion which is sharply 
demarcated from the surrounding bone. X2.7. b, High 
power view of the rectangle marked in (a). The bone 
at the periphery of the lesion, though increased in com- 


the width of a bone such as the tibia or 
femur, or the entire width of the fibula, 
radius, or ulna. In these latter cases a pre- 
disposition to fracture may result. If the 
defect does not progress to this magnitude, 
it is likely that it will “heal,” either by total 
replacement through growth and _ tubula- 
tion; or by simple ossification, resulting in a 
circumscribed zone of increased density in 
the metaphysis of a long bone. 

From a clinicopathologic standpoint, it is 
well established that these defects do not 
recur following adequate curettement, or 
excision; and one has never been reported 
to be or have become malignant. Whereas 
solitary lesions are most common, multiple 
lesions have been reported in the same pa- 
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b 


pactness, is normal in its over-all pattern. The sharp 
demarcation between the lesion and the normal marrow 
is well demonstrated. Note the osteoblasts on the surface 
of many of the trabeculae on the lesion side of the bony 
wall. Osteoclasts can also be seen. Fibrous tissue and 
spindle cells typical of this lesion are conspicuous. X19. 


tient; and they have been seen to appear, 
disappear, and then reappear some years 
later in a similar location in the same bone. 
Not infrequently, as Hatcher noted, cases of 
nonosteogenic fibroma are associated with 
defects in enchondral growth, such as car- 
tilaginous exostoses, and osteochondritis 
(Fig. 4a and b). This may be purely co- 
incidental, or there may be an etiologic in- 
terrelationship between the two, thereby 
adding credence to the developmental theory 
of origin of nonosteogenic fibroma. 


CLINICAL SYMPTOMS 


The clinical manifestations of this condi- 
tion are not remarkable. Usually attention 
is drawn to the lesion following some form 
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Fic. 8. a, Low power view of a section taken from a 
specimen removed en bloc. The densely staining, uniform 


of trauma, and the first symptom is a frac- 
ture in a sizable number of cases. Lesions 
which occur at the site of a muscle or ten- 
dinous attachment may be symptomatic, but 
when symptoms are present, they are usually 
mild. The majority of these defects are dis- 
covered incidentally, the patient having no 
symptoms directly referable to the fibrous 
lesion. 
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appearance of the lesion is apparent. It is sharply de- 
marcated from the rest of the bone by a heavy layer of 
compact bone. The marrow spaces of the uninvolved 
portion appear normal, and the trabeculae appear 
normal grossly. 1.8. b, Photomicrograph of the rec- 
tangle outlined in (a). ‘The tip end of the cortex, seen 
at the upper right-hand corner, blends inperceptibly 
with the fibrous portion of the lesion. The fibrocellular 
nature of the lesion is apparent throughout the section, 
and a generous number of multinucleated giant cells 
can be seen scattered evenly throughout the lesion. X95. 
c, High power view of the giant cells and spindle cell 
stroma exhibited in (b). The cells of the stroma are 
oval and spindle-shaped. They are benign in appearance 
and uniform in size. There are no mitotic figures. The 
giauat cells exhibit from five to fifteen nuclei per cell 
and are relatively clearly separated from the surrounding 
stroma. X197. 


OBSERVATIONS 

We have studied a total of 20 cases of 
this lesion in the Registry of Bone and Joint 
Pathology at Northwestern University Med- 
ical School. In 18 instances there was tissue 
available for study. In 2, the lesion was not 
operated upon, the diagnosis having been 
made by the characteristic radiographic pic- 
ture. In 3 cases the defect was excised en 





) 
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Fic. 9. 


Fic. 9. High power view of the junctional tissue be- 
tween the peripheral, sclerotic bone, and the lesion per 
se. Note the moderate fibrosis of the marrow in the 
adjacent bone trabeculae and the moderate amount of 
osteoclasis on the adjacent bone. It appears that the 
lesion exerts a mildly osteoclastic effect on the bone at 
its periphery, while at the same time the osteoblasts 
lay down new bone, thereby producing the thin sclerotic 


bloc (Figs. 7a, 8a, and 11a), thereby provid- 


ing opportunity for detailed study of the 
entire lesion in situ, as illustrated and de- 
scribed earlier. The age at diagnosis, skeletal 
location, sex distribution, presenting symp- 
toms, presence of other coexisting lesions, 
preoperative diagnosis, and follow-up results 
are all tabulated in Table I. These data 
are herewith briefly analyzed. 

Thus, the lesions were encountered in pa- 
tients between the ages of 10 and 21, the 
average age being 14 years. Five were located 
in the distal femur, 6 in the proximal tibia, 
8 in the distal tibia, and 1 in the fibula. 
There were 7 females and 13 males, a ratio 
of nearly 1 to 2, which, owing to the small 
number of cases, is obviously not statistically 
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Fic. 10. 


layer of bone which separates the lesion from the re- 
mainder of the bone. X91. 

Fic. 10. Photomicrograph of a section of a nonos- 
sifying fibroma in which the fibrocellular element is 
interspersed with numerous focal collections of foam 
cells, hemorrhage, and cholesterol deposits. In all 3 
specimens which were removed en bloc, areas such as 
this could be found. X91. 


significant. Coexisting skeletal lesions of an- 
other sort were found in 3 cases. It is signifi- 
cant that in 7 of 20 cases (35 per cent) the 
initial symptom which drew attention to the 
existence of the defect was a fracture through 
the lesion (Fig. 13). In some cases, the 
trauma which precipitated the fracture was 
very minimal. In others, symptoms were 
mild, or absent. An incorrect preoperative 
diagnosis was made in 12 of 20 (60 per cent). 
To date there have been no recurrences 
after operation, and in 2 patients not op- 
erated upon, one lesion has remained sta- 
tionary in size, with a followup of 1 year, 
and the other has increased, approximately 
commensurate with an increment in skcle- 
tal growth (Fig. 5a and b). 
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Fic. 11. a, Low power view of a section from an en bloc 
excision of the lesion seen in Figure 1b. The central 
portion of the lesion has been interrupted by a fracture 
which can be seen passing obliquely through the lesion 
proper. The dark staining areas represent the remnants 
of the lesion, and under high power view these areas 
show the typical features previously illustrated. Note 


DISCUSSION 

It is our opinion that the small, eccentri- 
cally situated metaphyseal defect and the 
larger lesion most often diagnosed as non- 
osteogenic fibroma are variations of the same 
condition. Although the smaller, simple cor- 
tical defect is more often found in the younger 
(6 io 12) age group; and the larger, more 
extensive lesion is observed in patients be- 
tween 10 and 20 years old, from the common 
sense standpoint there is no logical basis for 
separating the two. Radiographically they 
arc similar, and histologically they are iden- 
tic \l. Except for those which attain large 





again the sharp demarcation of the lesion from the re- 
mainder of the bone. X2.2. b, High power view of the 
rectangular area illustrated in (a). This demonstrates the 
type of bone formation which occurs as a healing re- 
action in these lesions following fracture into or through 
them. Sections such as this lead some individuals to 
make a diagnosis of fibrous dysplasia. X 105. 


size, in which case fracture might occur, 
they are clinically indistinguishable. They 
exhibit the same lack of symptoms, and 
they have the same sex distribution and 
skeletal location. The only real difference 
is that of size; and such individual differences 
are the rule in any lesion, benign or malig- 
nant. 

The clinical behavior and histologic fea- 
tures of this lesion do not favor classification 
of the lesion as a neoplasm. The only clinical 
characteristic which suggests neoplasia is the 
observation that the defect can increase in 
size. Whether this occurs independently of 
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a 


Fic. 12. Roentgenograms of distal tibia of 11 year 
old female, showing typical lesion. Curettement and 


a concomitant skeletal growth acceleration, 
and actually represents proliferation of the 
lesion has not been ascertained; but Lich- 
tenstein has observed one defect which he 
claims nearly quadrupled in size within 2 
years. Histologically there is no more evi- 





Fic. 13. Roentgenograms of a 17 year old patient 
whose first symptom was a fracture through the lesion 
incurred by minimal trauma while hurdling. After the 
fracture healed, the lesion was curetted and packed with 
bone. 





bone grafting were performed. b, One year later, os- 
sification of lesion. 


dence of neoplasia than is encountered in 
such lesions as lipomas or hemangiomas, 
both of which are considered by many pa- 
thologists to be developmental defects. Fur- 
thermore, there is no tendency for this lesion 
to undergo malignant transformation; and 
it is likely that in the rare case believed 
to have done so, the lesion was malignant 
in the beginning. Spontaneous healing has 
been frequently observed, strong evidence 
against neoplasia. 

A traumatic origin cannot be convinc- 
ingly supported. It is unlikely that the de- 
fects would be so consistent in their skeletal 
location; that they would occur in protected 
areas such as the /ateral aspect of the distal 
tibia; that they would occur with no history 
of significant injury; or that they would 
appear, disappear, and reappear again, if 
they were due to trauma. The fact that they 
precede fractures rather than follow them is 
also strong evidence against a traumatic 
origin. From a histologic study, little help 
is gained, for it is difficult to determine 
accurately either the significance or the in- 
terrelationships of the different compon«nts 
of the lesion. It is conjecture which c:me 
first: the fibrous tissue, the giant cells, the 
hemorrhage, or the xanthoma cells, and 
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TABLE I.—DATA ON 20 CASES OF NONOSTEOGENIC FIBROMA OF BONE 


Initial symptom 


None 


Persistent knee 


pain following 


trauma 


Fracture through 


lesion 


Pain over tibial 


tubercle 


None 


Preop. 


Bone cyst 


Bone cyst 


Fibrous dysplasia 


Benign giant cell tumor 


Bone cyst 


Surgical procedure Follow-up 


Curettement and 2 yrs. No rec. 


bone chips 
Excision None 
Curettement and None 
bone chips 
Curettement and None 


bone chips 


Excision 3 yrs. No rec. 


Incidental finding 
sprained ankle 


Nonossifying fibroma 


Fracture fibula; Xanthoma 


Curettement 


Curettement 


1 yr. No rec. 


Skeletal Coexisting 
location skeletal lesions 
Distal tibia None 
Distal femur None 
Proximal tibia None 
Distal femur Osgood- 
Schlatter’s 
disease 
Distal tibia None 
Distal tibia None 
Proximal tibia None 
Proximal tibia None 
Distal femur None 
Distal femur None 
Distal tibia None 


Proximal tibia Osteochondroma 
opposite tibia 


Distal tibia None 
Distal fibula None 
Distal fibula None 
Proximal tibia None 


Distal femur __ Bipartite patella 


Proximal tibia None 
Distal femur None 
Distal tibia None 


no prior 
symptoms 


Comp. fracture 


tibia; no prior 


symptoms 


Dull aching pain, 
followed by frac- 


ture through 
lesion 


Persistent pain 


following twisting 
injury to knee 


Fracture through 


lesion 


None 


Fracture through 


lesion 


Fracture through 


lesion 


Aching pain lower 


leg 


Pain over pes 


anserine bursa 


None 


None 


None 


Fracture through 


lesion 


ae 


Fibrocystic disease 


Giant cell variant of 
bone cyst 


Fibroxanthoma 


Giant cell tumor of bone 


Nonossifying fibroma 


Fibrous dysplasia 


Bone cyst 


Osteoid osteoma 


Nonossifying fibroma 


Possible osteogenic 


sarcoma 


Nonossifying fibroma 


1 yr. No rec. 


Curettement and None 


bone chips 


Curetted; packed 
with bone chips 


4 yrs. No rec. 


Curettement im- 
plantation vastus 
medius muscle 


4 yrs. No rec. 


Excision and packing 
with bone chips 


1 yr. No rec. 


Excision 6 mos. No rec. 


Curettement and 1 vr. No rec. 


bone chips 


Resection fibula; 
sliding bone graft 


3 yrs. No rec. 


None 


Excision 


> 


Excision 2 yrs. No ree. 


Excision 


3 yrs. No rec. 


=Xcisio 2 yrs. No rec. 
Excision 2 y No re 


(Observed 3 years—some equivocal increase in size. . . .) 


1 yr. No change 
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cholesterol deposits. Any one or all of these 
may be concerned with the healing phase 
of any lesion involving hemorrhage, inflam- 
mation of trauma, or even the late stages 
of local bone infection. 

We believe that this lesion is most likely 
a developmental defect, possibly belonging 
to the hamartoma group of lesions. How- 
ever, in this respect it is entirely a local 
condition, self-limited in nature, and com- 
pletely cured by adequate local excision. In 
this respect, it must be carefully distin- 
guished from fibrous dysplasia, unicameral 
bone cysts, and other more poorly under- 
stood benign lesions of bone which have a 
strong tendency to recur. One should be able 
to do this easily on the basis of adequate 
roentgenograms and other features set forth 
in this article. If there is doubt, then the 
lesion is probably not a nonosteogenic fi- 
broma; and biopsy verification is necessary. 

Despite the conviction that these lesions 
are developmental, probably representing a 
focal dysplasia, the authors prefer the term 
nonosteogenic fibroma, or nonossifying fi- 
broma. In the first place, the term has gained 
considerable popularity and is convenient 
to use; secondly, the defect is a fibrous 
lesion which does not produce bone. It is 
again emphasized that the term is employed 
to include all types of “‘metaphyseal fibrous 
defects.” We believe that the phrase ‘‘meta- 
physeal fibrous defect,”’ though descriptive, 
does not imply sufficient diagnostic speci- 
ficity. 


TREATMENT 


Each lesion must be treated individually. 
If one is dealing with a typical metaphyseal 
defect, its mere presence is not necessarily 
an indication for surgery. ‘Those which pro- 
duce symptoms, those which are unusually 


large, and those through which a fracture 
has occurred should be removed. Small, 
symptomless lesions which do not increase 
in size may be observed at intervals without 
great concern; but it is essential that one be 
thoroughly familiar with the radiographic 
picture in order to decide which may be 
safely left alone. If there is any doubt. ex- 
cisional biopsy should be accomplished. 

Those lesions which are subject to surgery 
should be excised en bloc or curetted thor- 
oughly. The defect, if significant in size, 
should be packed with bone chips in order 
to hasten healing and promote future 
strength of the bone (Fig. 12a and b). In 
the fibula, a lesion may be removed by 
segmental resection without bone grafting 
provided that it is not too near the ankle or 
knee. Postoperative x-ray therapy is neither 
necessary nor advisable, and it may be 
harmful. 
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CORRELATION OF THE PATHOLOGIC AND 
RADIOGRAPHIC FINDINGS IN TUMORS AND 
PSEUDOTUMORS OF THE GALLBLADDER 


HUGH W. JONES, M.D., and JOHN H. WALKER, M.D., Seattle, Washington 


At VARIOUS CONFERENCES in which the ra- 
diologist or pathologist participates, a ques- 
tion is sometimes raised concerning the 
significance of small intraluminal and 
nonopaque tumors of the gallbladder, often 
referred to as “papillomas” in the chole- 
cystogram. The internist questions the symp- 
tomatology and the relation to gallbladder 
disease. Both internist and surgeon are con- 
cerned with the possible relationship of these 
small lesions to malignant disease. Our in- 
terest has, therefore, been stimulated to re- 
view not only our material but to survey 
the literature on the subject of benign gall- 
bladder tumors. 

Kirklin (1) in 1931 is credited with di- 
recting attention to papillomas of the gall- 
bladder in cholecystograms. This article 
cites an incidence of 8.5 per cent of papil- 
lomas collected from 17,000 surgically re- 
moved gallbladders. Phillips reported on 
500 gallbladders containing papillomas in 
1933. Shepard, Walters, and Dockerty, re- 
viewed the pathology of 150 benign neo- 
plasms gathered from cases at the Mayo 
Clinic between 1906 and 1938. In addition 
to these, the literature is interspersed with 
numerous isolated case reports commenting 
on these tumors more or less as oddities. In 
our experience, and by employing our 
techniques, these lesions were found to occur 
with significantly greater frequency than 
ordinarily reported. 

We have not been able to find a clear-cut 
histopathologic classification of structural 
changes in the gallbladder, neoplastic or 
otherwise. Nor is there adequate documen- 


From Departments of Pathology and Radiology, The Mason 
Clinic. Seattle, Washington. 


tation of histologic criteria for accurate 
diagnosis of benign tumors and especially 
for differentiation from inflammatory and 
metabolic changes. The terminology has 
been ambiguous, accompanied by a wide 
variance in reported incidence and inter- 
pretation of the natural history of these 
lesions. As a result, clinical evaluation of 
radiographic findings is inconsistent. 

Our purpose is to present an evaluation 
of focal elevated structures in the gallbladder 
based upon combined radiologic and patho- 
logic study. Specifically, it includes a pro- 
posed classification of grossly demonstrable 
intraluminal lesions of the gallbladder, a 
correlation of the radiographically dem- 
onstrable lesions with their gross and micro- 
scopic pathology, and a suggested clinical 
approach. 

In order to reconcile the wide divergence 
of incidence and interpretation, the neces- 
sity for uniform criteria and terminology 
becomes apparent. The following classifica- 
tion has been found useful for purposes of 
this study: 


No. of cases in 1,000 


Proposed classification gallbladders removed 


1. Epithelial tumors 


Se VRS, Savio ncehe se avnnsetaaeee ns a 
Ps PP 5. 33, dig 5.0.o wore eda eee ee 4 
Oi CI a oc os ois os a ds RY ees 12 
2. Wibemeiaguaae Genes... 5. oe bck ce wns bes 1 
3. Pseudotumors 
A. Cholesterol polyp...... ay a cater eater 16 
B: Inflammatory polyp:..................6. 4 
C. Cholecystitis glandularis, proliferans....... 3 
D. Congenital malformations................ 5 


Papilloma. The term papilloma is limited 
to focal epithelial proliferations fulfilling 
the usual criteria for a benign true neoplasm. 
These tumors have a distinct pedicle or 
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Tor 


Fic. 2. 


Fic. 1. Papilloma. Cholecystogram demonstrates a single stationary, ovoid, intraluminal lesion 
in gallbladder showing good concentration without stones. 
Fic. 2. Solitary sessile papilloma. Fine lobulations can be seen grossly. 


base and are composed of a fine, branching, 
vascular connective tissue stalk, supporting 
epithelium derived from gallbladder mu- 
cosa. The gross appearance closely resembles 





Fic. 3. Photomicrograph of lesion shown in Figure 2. 
Fine branching vascular stroma supports uniform col- 
umnar cells in this benign papilloma. 





a papillary tumor of the urinary bladder as 
a soft, delicately branching, sessile or pe- 
dunculated structure, varying in color from 
tan to bright red. Because of its soft con- 
sistency, it is usually not palpable through 
the gallbladder wall. Histologically, the 
structure may follow a simple or complex 
villiform pattern. The epithelium is identical 
to that of normal biliary tract. Atypical 
proliferative activity may be encountered 
paralleling the changes in epithelial tumors 
of the colon. Diffuse papillary tumors may 
involve a large proportion of the mucosal 
surface. Infiltration of the stalk or base has 
been noted in our material and in other 
reported cases. These tumors thus fulfill all 
known criteria for epithelial neoplasms 
which may undergo malignant transforma- 
tion (Figs. 1 to 5). 

Adenoma. ‘These tumors in the strict usage 
of the term should arise solely in the in- 
fundibulum, this being the only area in the 
gallbladder where glands normally occur. 
The presence of such tumors elsewhere may 
be explained by a misinterpretation of com- 
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plex papillary structures or by the presence 
of aberrant glands. Until large series are 
studied any difference in the natural history 
of the adenoma from that of the papilloma 
must be purely speculative. The cases stud- 
ied by us suggest a tumor comparable to the 
adenoma of colon in gross and microscopic 
structure and in progressive alterations in 
the direction of malignant tumor. Grossly, 
they may be sessile or pedunculated, soft, 
red to grey in color, with a smooth velvety 
surface. Their soft consistency usually pre- 
vents palpation through the gallbladder 
wall. Histologically they are composed of 
closely packed glandular or tubular struc- 
tures whose sparse stroma is not oriented in- 
to the branching pattern of papilloma. Ac- 
tive secretion by the cells will cause them to 
assume the goblet shape of mucous cells 
found in adenomas of colon. In some of 
these, reticulum stains may clarify the stro- 
mal architecture. Histologic alterations in 
these glandular tumors indicative of malig- 
nant transformation have been noted in our 
study and are reported by others. Here 
again, the changes closely parallel adenomas 
of colon. One gallbladder in our series con- 
tained an infiltrating carcinoma with several 
satellite adenomatous polyps. Differentiat- 
ing between these tumors would appear 
justified because of the variation in be- 
havior of papillary and adenomatous lesions 
in other viscera (Figs. 6 to 10). 

Carcinoma. Carcinoma of the gallbladder 
has been well documented and is not further 
discussed here except to indicate that a high 
percentage of infiltrating carcinoma is 
associated with a residual unchanged papil- 
lary or adenomatous structure. 

Cholesterol polyps. The cholesterol polyp is 
histologically an exaggerated focus of choles- 
terosis and consists of large collections of 
lipid laden macrophages beneath the base- 
ment membrane of the epithelium. The 
overlying epithelium is simple columnar 
or cuboidal and may show degenerative 
changes. The collections of macrophages 
produce a sessile or pedunculated tumefac- 
tion. They may be identified grossly as small 
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Fic. 4. Diffuse superficial papillomatosis. (Gallbladder 
nonfunctioning by x-ray examination). 


pale yellow to white, opaque, mulberry- 
shaped structures, usually multiple and of- 
ten associated with yellow mulberry-shaped 
cholesterol calculi identical in gross appear- 
ance to the attached structures. Cholesterol 
polyps are occasionally associated with dif- 
fuse cholesterosis. Their diameter may range 





Fic. 5. Higher magnification of tumor in Figure 4. 
The architectural distortion and pleomorphic columnar 
cells fulfill usual criteria of noninfiltrating carcinoma. 
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Fic. 6. 
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Fic. 6. Adenomatous polyp. Lateral decubitus cholecystogram. A poorly delineated intraluminal 
lesion (arrow) is seen adjacent to large nonopaque stone in gallbladder with satisfactory concentrating 


ability. 


Fic. 7. Broad sessile adenomatous polyp (arrow). 


from 1 to 6 millimeters, rarely larger (Figs. 
11 to 16). 

Inflammatory polyps. The inflammatory 
polyp is differentiated here from the prolif- 





Fic. 8. Tubular and glandular structure of the adeno- 
matous polyp. Resembles adenomatous polyps of colon. 





erative changes seen in cholecystitis glandu- 
laris proliferans because it is solitary or oc- 
curs as 2 to 3 discrete lesions unaccompanied 
by diffuse proliferative changes. The distinc- 
tion is probably artificial, but when solitary, 
the problem of differentiation from true 
epithelial tumors arises. These polyps are 
usually rather firm, 3 to 6 millimeter, 
sessile structures which may resemble pvo- 
genic granuloma or they may have a firm, 
pale greyish color depending upon the de- 
gree of fibrosis. Histologically the stroma of 
these structures is usually abundant, ede- 
matous, containing fine, distended capillary 
channels, often suggesting granulation tis- 
sue. The stromal fibrils are disoriented, 
short, coarse and fragmented, often hyalin- 
ized, in contrast to the well oriented, delicate 
stromal fibers of the adenoma and the 
oriented single vessels and branching stro- 
mal structure seen in the papilloma. Signiti- 
cant inflammatory infiltrate and occasional 
hemorrhage are present in the supporting 
tissue. Superficial erosion is almost consti nt 
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in the inflammatory polyp, and the remain- 
ing epithelium is pale, acidophilic, showing 
degenerative alterations. Proliferative activ- 
ity in the epithelium is seldom seen although 
jn areas of erosion alteration in cells suggest 
regenerative activity (Figs. 17 to 19). 

Cholecystitis glandularis proliferans. Pseudo- 
polyps and raised intraluminal structures 
are often seen in cholecystitis glandularis 
proliferans, This is always a diffuse inflam- 
matory lesion accompanied by significant 
mural thickening of the gallbladder and a 
coarse granular mucosal surface. The ele- 
vated structures are multiple, sessile, firm, 3 
to 6 millimeters in diameter. When seen 
they may be difficult to differentiate grossly 
from early infiltrative carcinoma and sec- 
tions must be taken for identification of the 
process. Histologically the raised structures 
are often seen to be the result of cystic is- 
lands of mucosa incorporated in scar. It is at 
once apparent in the epithelial elements that 
spontaneous proliferative activity is not 
present but that this lesion represents dis- 
tortion and reduplication of gallbladder 
epithelium. 

Anomalies. By far the most common 
anomaly of development which produces a 
demonstrable tumefaction in the gallblad- 
der is the entity commonly termed ‘“‘adeno- 
myoma.”’ This lesion is characteristically in 
the fundus of the gallbladder, producing a 
lentiform eminence covered by grossly 
normal mucosa. Many exhibit central 
mucosal umbilication. In microscopic sec- 


tions one sees cystic structures or a maze of 


narrow epithelium-lined slits surrounded by 
trabeculae of smooth muscle. In some, the 
smooth muscle is oriented around the spaces 
and the fibers may be seen coursing in the 
direction of and into adjacent gallbladder 
muscle. Some of these structures are entirely 
external to the normal muscularis. In cases 
serially sectioned, cystic spaces often com- 
municate with the gallbladder lumen. The 
lining epithelium of cysts is identical to that 
of ‘he gallbladder mucosa. We have chosen 
to call these myoepithelial anomalies having 
origin in the failure of orientation of cells in 
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Fic. 9. Adenomatous polyp. Higher magnification. 
Goblet type cells are clearly shown. 


the tip of the primordial gallbladder bud. 
Because they arise in the fundus of the 
gallbladder, a frequent focus of primary 
carcinoma of this structure, they may be 
mistaken at gross examination for fundic 
carcinoma (Figs. 20 to 25). 

Other malformation. Cystic Aschoff-Roki- 
tansky sinuses containing calculi (mural cal- 





Fic. 10. Adenomatous polyp. Increased proliferative 
activity in glandular element comparable to changes in 
adenomatous polyps of large bowel. 
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Fic. 13. 


Fic. 11. Cholesterol polyps. Cholecystogram. Multiple 
discrete intraluminal lesions varying in size scattered 
throughout gallbladder. 

Fic. 12. Typical white to yellow mulberry appearance 
of cholesterol polyps. Many of these are attached by a 
delicate pedicle easily detached. They may be associated 
with mulberry, cholesterol or mixed stones identical in 
shape to residual cholesterol polyps. 

Fic. 13. Cholesterol polyp. Uniform epithelium with 
lipid-laden macrophages beneath basement membrane. 


Will 
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Fic. 12. 


culi) may rarely produce a significant ele- 
vated mucosal lesion. 

Radiographic findings. We have been unable 
to differentiate in all instances papillomas, 
adenomas, inflammatory polyps, and cho- 
lesterol polyps on the basis of cholecysto- 
graphic examination. All are single or 
multiple, sessile or pedunculated. Certain 
characteristic differential features are, how- 
ever, of value for generalization. The papil- 
loma is usually a discrete single lesion as seen 
on the cholecystogram and tends to be flat 
or sessile in contrast to multiple cholesterol 
polyps. The adenoma is likewise characteris- 
tically a solitary tumor, often pedunculated 
with the appearance in the cholecystogram 
of a small spherical, intraluminal body 
which is translucent. Cholesterol polyps 
appear as well delineated translucencies, 
usually multiple and spherical because of 
their narrow pedicles. When multiple their 
diameters vary from 1 to 6 millimeters, rarely 
larger. An important differential feature of 
the cholesterol polyp is the unusually in- 
tense ability of the gallbladder to concen- 
trate. This finding is in agreement with tie 
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Fic. 14. 


work of Kirklin, Caylor, and Bollman who 
found that gallbladders bearing these lesions 
and associated hypertrophic rugae produced 
the greatest concentration of bile. We have 
followed 1 case as long as 3 years without 
recognizable change in size and number of 
the cholesterol polyps and no change in 
concentrating ability. 

The inflammatory polyp exhibits no un- 
usual radiographic findings to characterize 
it from other tumescences. When solitary it 
may resemble papilloma or adenomatous 
polyp and although more frequently associ- 
ated with impaired function and cholelithia- 
sis, this is not a valid differential feature in 
an individual case. 

The papilloma, the adenomatous polyp, 
and the inflammatory polyp must be, for 
practical purposes, then grouped together as 
intraluminal lesions, usually solitary, less 
sharply outlined than the cholesterol polyps, 
ani more frequently associated with co- 
existent gallstones and with gallbladders 
showing a slightly diminished ability to 
concentrate. 


Fic. 15. 





Fic. 14. Cholesterol polyp. Cholecystogram. Solitary, 
well defined intraluminal defect remaining in constant 
position. 

Fic. 15. Solitary cholesterol polyp. Pale yellow color is 
key to gross identification. 

Fic. 16. Cholesterol polyp. Macrophage element may 
show histologic variation dependent upon physical state 
or chemical composition. 
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Fic. 17, 
Fic. 17. Inflammatory polyp. Cholecystogram. 
cholesterol polyp. 
Fic. 18. Hemorrhagic lesion with smooth surface. 


The myoepithelial anomaly produces a 
characteristic deformity on the cholecysto- 
gram. These are considered curiosities which 
are always found in the fundus and produce 
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Fic. 19. Inflammatory pseudopolyp. Degeneration of 


surface epithelium, inflammatory infiltrate, and random 
architecture are noteworthy. 








Fic. 18. 


Angular, nonmobile lesion usually larger than 


Contours typical of inflammatory pseudopolyp. 


a lentiform invagination with distortion of 
the normal rounded contour of that portion 
of the gallbladder. ‘They show varying de- 
grees of central umbilication of the mucosal 
surface. The deformity they produce must 
be constantly demonstrated in several views 
to substantiate their presence and to exclude 
pressure deformities caused by extrinsic 
sources. 

The diffuse involvement of the gallblad- 
der mucosa in cholecystitis glandularis pro- 
liferans is usually sufficient to render a radio- 
graphically nonfunctioning gallbladder; 
therefore, this condition cannot be included 
in the differential diagnosis of demonstrable 
lesions. 


RADIOGRAPHIC TECHNIQUE 


The detection of intraluminal defects in 
the gallbladder is relatively simple but suill 
requires rather meticulous radiographic 
technique. It is our procedure to take at 
least 2 of the films of the cholecystographic 
series in the right lateral decubitus position. 
After a lateral decubitus posteroanterior 
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Fic. 20. 


Fic. 21. 


Fic. 20. Myoepithelial anomaly. Cholecystogram. Lentiform invagination of wall at tip of fundus, 


characteristic of this anomaly. 


Fic. 21. Its location in fundus and gross appearance suggest anomalous failure of complete expan- 
sion of primitive gallbladder bud in myoepithelial anomaly. 


projection is taken cholex™ or similar cho- 
lagogue is given. Within 10 minutes the 
second film is taken, again in the lateral 
decubitus position. By this time the first film 
has been sufficiently processed for ‘‘wet 
viewing” by the radiologist. He suggests 
necessary modifications of technique and 
further films that may be necessary to clarify 
any problem. As a rule, we find in the non- 
problem case 2 films sufficient for the entire 
examination. Spot films taken at fluoroscopy 
are employed with the patient in the erect 
position, whenever the lateral decubitus posi- 
tioning is not satisfactory. This is a rare 
occurrence in our department. 

The technique used by us differentiates 
readily between multiple small nonopaque 
stones and intraluminal tumors. Stones in- 
variably will ‘‘layer out” in the lateral de- 
cubitus position while polyps, papilloma, 
and other tumors will ordinarily hold their 
position. Any slight change in their position 
is attributed to shift in the gallbladder wall 





and mobility because of attachment to a 
thin pedicle in some instances. 


Fic. 22. Myoepithelial anomaly. Epithelium-lined 
cysts surrounded by well developed zone of smooth 
muscle. 
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Fic. 23. 
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Fic. 24. 


Fic. 23. Myoepithelial anomaly. Almost identical radiographic appearance as Figure 20. Stone 


also present. 


Fic. 24. Invaginated ‘‘button”’ structure of some myoepithelial anomalies may simulate infiltrating 


carcinoma. 


Discussion. The past literature for the most 
part has tended to discount as unimportant 
demonstrable intraluminal nonopaque tu- 





Fic. 25. Oriented smooth muscle zone around cystic 
spaces is a characteristic feature of the myoepithelial 
anomaly. 


mors of the gallbladder. Lack of clear-cut 
criteria for classification has lumped these 
tumors into a general ‘“‘wastebasket”’ called 
‘“‘papilloma,”’ considered to be entirely be- 
nign and not to constitute an indication for 
cholecystectomy. Our own experience and 
the experience of others leads to the con- 
clusion that some of these must be classified 
as true epithelial neoplasms with malignant 
potential. Accurate classification of large 
series may contribute to our knowledge and 
natural history of gallbladder cancer. It is 
our opinion that until more definite criteria 
are developed to differentiate preoperatively 
benign intraluminal inflammatory or meta- 
bolic lesions from true epithelial neoplasms, 
the finding of solitary small intraluminal, 
nonopaque tumors on the cholecystogram 
alone constitutes an indication for cho- 
lecystectomy. One should be cautioned 
against jumping to conclusions on the basis 
of a single examination. The demonstration 
of any nonopaque intraluminal lesion niust 
be confirmed by repeat procedure carrying 
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out any special technique that may be desir- 
able. 


CONCLUSIONS 


1. Intraluminal, nonopaque tumors of 
the gallbladder deserve accurate histologic 
classification as the basis for further study 
of large series. 

2. Meticulous cholecystography with pre- 
cise histologic classification should yield 
more accurate preoperative diagnoses. 

3. It has been shown conclusively that 
some lesions are true epithelial neoplasms 
and will show malignant transformation. It 
follows, therefore, that a solitary, radio- 
graphically unclassifiable tumor of the gall- 


bladder constitutes an indication for cho- 
lecystectomy. 

4. The term myoepithelial anomaly more 
accurately reflects the true nature of the 
fundic lesion which has been previously re- 
ferred to.as adenomyoma. These lesions are 
clinically insignificant. 
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STUDY OF SERUM PROTEINS WITH 


PAPER ELECTROPHORESIS 


Part II. Observations on Serum Protein Fractions in Patients 


Undergong Hypothermia During Intracranial Surgery 


LLOYD J. LEMMEN, M.D., F.A.C.S., JAMES S. DAVIS, M.D., 
THOMAS A. GIGLIOTTI, B.S., and EMERICH M. MULICH, Pittsburgh, Pennsylvania 


BLOOD CHEMISTRY DETERMINATIONS during 
hypothermia in the course of intracranial 
operation have revealed progressive reduc- 
tions in hemoglobin, hematocrit, and total 
serum protein. Failure of adequate blood 
replacement during the operative procedure 
was suggested as the cause of these changes. 
The investigation here reported was devoted 
to a study of the changes in the serum pro- 
tein fractions that occurred during and after 
hypothermia in 3 patients undergoing in- 
tracranial operation. 


MATERIAL AND METHODS 


We have previously recorded in greater 
detail the clinical histories and described 
the hypothermia of the patients in this study 
(1). Cerebrospinal fluid pressure measure- 
ments were made during and following 
surgery with a Tuohy continuous spinal 
catheter in the lumbar intrathecal space. 

Serum protein specimens were taken dur- 
ing the preoperative period, during the 
lowest temperature of the patient, and at 
intervals during the postoperative period. 
Ten lambda aliquots of undiluted serum and 
serum diluted to an approximate 3 grams 
per cent level were employed in the paper 
electrophoretic separations. Eight electro- 
phoretic determinations were made of each 
diluted and undiluted serum specimen and 


the means of these determinations are re- 
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corded in the graphs in grams per cent and 
dye units as previously described (2, 3). 

Variance analyses of the mean dye unit 
data of albumin, alpha-1 and alpha-2 glob- 
ulin fractions were performed on the 3 grams 
per cent serum dilution, and comparative 
studies during the postoperative period were 
made with the preoperative determinations. 
Conversion of the dye unit data of the albu- 
min in this serum dilution to grams per cent 
albumin data was made according to graph 
2 of a previous study (3) in which a relation- 
ship between dye units and grams per cent 
of electrophoretically separated albumin 
was demonstrated. The numerical values 
obtained in these conversions are considered 
an index of the absolute grams per cent of 
the albumin fraction in the serum. 


CASE REPORTS 


CasgE 1. This 54 year old male had neurologic 
symptoms and diagnostic studies which indicated a 
right occipital space-occupying lesion. 

Under hypothermia an incomplete removal of an 
infiltrating glioma was carried out by a right occipital 
lobectomy. The superior longitudinal sinus was en- 
tered and massive venous hemorrhage occurred. Cere- 
brospinal fluid pressure, temperature, and blood 
pressure during operation were recorded in a previous 
study (1). The patient was given 3,500 cubic centi- 
meters of blood during the operative procedure. Pre- 
operative hemoglobin determination was 13 grams 
per cent; this determination on the third postopera- 
tive day was 11 grams per cent, and on the tenth post- 
operative day it was 9.5 grams per cent. 

Figure 1 demonstrates the decrease in total serum 
protein and total serum albumin which occurred on 
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the first postoperative day. Statistical study of the 3 
grams per cent serum dilutions revealed that changes 
occurred during the postoperative period which were 
characterized by a decrease in albumin on the first 
and third postoperative days, by an increase in alpha- 
2 on the third and seventh postoperative days, and by 
an increase in alpha-1 on the seventh postoperative 
day (variance analysis: p<.01 level). This same 
pattern was demonstrated in the total quantity of 
these fractions in the graph of the undiluted serum. 

Case 2. This 24 year old male had had an incom- 
plete removal of a right parietal parasagittal tumor. 
Neurologic symptoms and diagnostic studies indicated 
a massive recurrence of the tumor. 

Under hypothermia a recurrent malignant epen- 
dymoma was removed from the right frontoparietal 
area, along the falx, convexity of the right frontal 
lobe, and floor of the anterior fossa. An incision was 
made into the region of areas 6 and 8 and a sub- 
cortical decompression of the right frontal lobe was 
made from this point forward. The cerebrospinal 
fluid pressure, rectal temperature, and blood pressure 
during and after operation are recorded in Figure 2. 

For 2 days preoperatively the patient received an 
intravenous infusion each day of 1,000 cubic centi- 
meters of 5 per cent glucose in water and 1,000 cubic 
centimeters of 5 per cent glucose in normal saline. On 
the day of operation the patient received 500 cubic 
centimeters of 5 per cent glucose and 1,500 cubic cen- 
timeters of whole blood intravenously and 300 cubic 
centimeters of water orally. The patient was incon- 
tinent and accurate output was not determined. On 
the first postoperative day he received 1,500 cubic 
centimeters of 5 per cent glucose in water and he was 
incontinent on this date. The second postoperative 
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Fic. 1. Graph of total protein and paper electro- 
phoretic serum protein patterns of undiluted serum and 
3 grams per cent dilution of serum in Case 1 during 
hypothermia in course of intracranial operation. 


day he was given 1,000 cubic centimeters of 5 per 
cent glucose, 1,000 cubic centimeters of isotonic saline 
intravenously plus 250 cubic centimeters of water 
orally. Urinary output was 1,610 cubic centimeters. 
One hundred cubic centimeters of a 25 per cent solu- 
tion (25 gm.) of normal serum albumin (human) was 
administered at 5:30 p.m. on the second postoperative 
day. On the third postoperative day he was given 
1,000 cubic centimeters of 5 per cent glucose in water 
intravenously and 400 cubic centimeters of water 
orally. Urinary output was 800 cubic centimeters. 
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Fic. 2. Graph of rectal temperature, cerebrospinal 
fluid pressure, and blood pressure in Case 2 during and 
after hypothermia and intracranial operation: 7, scalp 


5PM 6PM 4AM 2PM I2MION 1OAM 8PM 6AM 





ist 2N0 3RO 

DAYS POSTOP 
incision; 2, bone flap removed; 3, dura opened; 4, return 
to recovery unit; 5, flat in bed; 6, semi-Fowler’s position; 
7, 25 per cent normal serum albumin (100 c.c.). 


























curred during the first postoperative week. Statistical 
analysis of the 3 grams per cent serum dilutions re- 
vealed that changes occurred during the postoperative 
period which were characterized by decrease in al- 
bumin in all determinations during the postoperative 
period and by increases in alpha-2 on the eighth and 
eleventh postoperative days. No statistical significant 
increase in alpha-1 occurred during the postoperative 
period (variance analysis: p< .01 level of significance), 
This same pattern was observed in the total quantity 
of these fractions as illustrated in the data of the 
undiluted serum. Figure 2 demonstrates the elevation 
in cerebrospinal fluid pressure on the second and third 
postoperative days. 

Case 3. This 60 year old male had neurologic 
symptoms of a space-occupying lesion in the right 
frontal lobe. 

Under hypothermia a right frontal osteoplastic 
craniotomy was performed and neoplasm was found 
along the floor of the anterior cranial fossa extending 
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Fic. 3. Graph of total protein and paper electro- 
phoretic serum protein patterns of undiluted serum and 
3 grams per cent dilution of serum in Case 2 during 
hypothermia in course of intracranial operation. 


Preoperative hemoglobin determination was 14.5 
grams per cent; this determination on the first post- 
operative day was 10.5 grams per cent, and on the 
fifth postoperative day this was 9 grams per cent. 
Figure 3 demonstrates that an increase in total 
serum protein occurred during the first postoperative 
week. A progressive decrease in total albumin oc- 
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across the midline. This tumor lay adjacent to the 
anterior cerebral arteries and the optic nerves and 
chiasm were compressed by neoplasm. Removal of 
tumor resulted in hemorrhage from the recurrent 
artery of Heubner and proximal anterior cerebral 
artery. Cerebrospinal fluid pressure, rectal tempera- 
ture and blood pressure during and following opera- 
tion are recorded in Figure 4. 

The administration of 100 milligrams of hydro- 
cortisone sodium succinate in 500 cubic centimeters 
of distilled water was started at 10:00 a.m. during 
operation. He was given 500 cubic centimeters of 
isotonic saline and 1,000 cubic centimeters of blood 
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Fic. 4. Graph of rectal temperature, cerebrospinal 
fluid pressure, and blood pressure in Case 3 during and 
after hypothermia and intracranial operation: 7, scalp 
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incision; 2, bone flap removed; 3, dura opened; 4, hemor- 
rhage from anterior cerebral artery; 5, surgery completed; 
6, return to recovery unit; 7, catheter removed. 
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on the day of operation. On the first postoperative 
night the patient was given 100 milligrams of corti- 
sone at 7:00 p.m., and on the first postoperative day 
he was given 100 milligrams of cortisone at 9:00 a.m. 
During the first postoperative day fluid administra- 
tion included 1,000 cubic centimeters of 5 per cent 
glucose in water and 1,000 cubic centimeters of 10 
per cent glucose in normal saline. During the second 
and third postoperative days fluid administration in- 
cluded on each day 1,000 cubic centimeters of 5 per 
cent glucose in normal saline and 1,000 cubic centi- 
meters of 5 per cent glucose in water. 

Figure 5 demonstrates that reductions in total 
serum protein and total albumin occurred in the 
immediate postoperative determinations. Statistical 
study revealed that changes in the 3 grams per cent 
dilution occurred in the immediate postoperative 
determination and first postoperative day determina- 
tion characterized by increases in the albumin fraction 
and no significant changes in the globulin fractions. 
Increases in alpha-1 globulin fraction occurred on the 
second and sixth postoperative days and increase in 
alpha-2 globulin occurred on the sixth postoperative 
day (variance analysis: p<.01 level of significance). 
Decrease in globulin fraction was revealed in the im- 
mediate postoperative determination in the undiluted 
serum. Figure 4 shows elevation in cerebrospinal fluid 
pressure in the immediate postoperative period. 


DISCUSSION 


Study of the metabolic response to crani- 
otomy in the postoperative period have re- 
vealed sodium retention, potassium loss, 
nitrogen loss, and frequently oliguria; such 
trends are reversed in several days. This in- 
vestigation did not include serum protein 
patterns following craniotomy, although 
such study in patients undergoing major 
surgery for a variety of other illnesses have 
revealed a decrease in serum albumin and 
increases in alpha-1 and alpha-2 globulin 
fractions. Each patient in this investigation 
following craniotomy had a decrease in 
serum albumin and an increase in alpha-2 
globulin during the postoperative period. 
These observations conform with the meta- 
bolic response noted for surgery and do not 
appear incident to the hypothermia used. 

Decreases in total serum protein deter- 
minations were found in 2 of the cases dur- 
ing the postoperative period following hypo- 
thermia in intracranial operation. In the 
other case no decrease was found in total 
serum protein, while a decrease in hemo- 
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Fic. 5. Graph of total protein and paper electro- 
phoretic serum protein patterns of undiluted serum and 
3 grams per cent dilution of serum in Case 3 during 
hypothermia in course of intracranial operation. 


globin occurred in the postoperative period. 
This discrepancy suggests that changes are 
occurring in protein metabolism secondary 
to operation which are independent of a 
failure in blood replacement during surgery 
under hypothermia. 

Preoperative comparisons of total serum 
protein and globulin fractions determina- 
tions revealed that they were higher in Case 
3 than in the other 2 cases. A possible re- 
lationship of these protein changes in the 
former case to an effect of tumor on the 
hypothalamus has been suggested in experi- 
mental studies in animals. These investiga- 
tions have revealed increases in globulin 
and total serum protein on stimulation of 
certain areas of the hypothalamus. In the 
postoperative period in this case, increase in 
dye units of albumin without change of 
globulin fractions or total protein suggested 
that an increase in stainability of albumin 
had occurred in the serum dilutions. This 
finding may be secondary to the hydrocor- 
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tisone administered during operation, inas- 
much as protein patterns have been altered 
in experimental study following various 
hormone medications. 

Observed changes in cerebrospinal fluid 
pressure in man have been related to a net 
shift of fluid into or out of the craniospinal 
extravascular fluid space as a result of un- 
balancing the hydrostatic and osmotic 
equilibrium across the walls of the cranio- 
spinal capillaries. Since serum albumin has 
a vital role in maintaining intravascular 
osmotic pressure in the blood-cerebrospinal 
fluid barrier, progressive decrease in serum 
albumin during the postoperative period 
could be reflected in the elevations in cere- 
brospinal fluid pressure noted in the 2 cases 


of this study. In this postoperative period ° 


the shift of fluid across the blood-cerebro- 
spinal fluid barrier may be influenced by 
additional factors, such as: fluid balance of 
the patient, quantity and electrolyte content 
of administered intravenous fluids, and ab- 
normalities in electrolyte metabolism. Ad- 
ministration of intravenous serum albumin 
in this period could not be measured by meth- 
ods used nor was it reflected in any marked 
change in cerebrospinal fluid pressure. 
Decrease in serum albumin occurred more 
rapidly in Case 3 and elevation in cere- 
brospinal fluid pressure developed in the im- 
mediate postoperative period. Involved in 
these observations may be the effect of opera- 
tion and neoplasm on the region around the 
third ventricle. ‘This was suggested in stimu- 
lation studies of the ventromedial hypo- 
thalamic nucleus in animals with resultant 
marked elevation of cerebrospinal fluid pres- 
sure and increase in cerebrospinal fluid pro- 
tein. Another important factor in this case 
could be the metabolic effects of the ad- 
ministered steroids which may result in 
retention of sodium, chloride and water, 
with loss of potassium, and catabolism of 
body protein. Further study of hormone ad- 
ministration may reveal patterns of serum 


proteins and cerebrospinal fluid pressures 
which would improve the postoperative 
course after craniotomy under hypothermia. 


SUMMARY 


Total serum protein determinations and 
serum protein patterns of 3 cases of intra- 
cranial operation carried out under hypo- 
thermia are presented during the operative 
and postoperative period. A discrepancy in 
1 case between total serum protein and 
hemoglobin determinations suggested that 
changes in protein metabolism were occur- 
ring independent of a failure in adequate 
blood replacement during operation under 
hypothermia. A decrease in total serum al- 
bumin and increase in alpha-2 globulin 
occurred in the postoperative period in all 
cases following craniotomy. These changes 
are not considered specific for hypothermia 
since similar patterns have been found in 
the postoperative period following major 
operation under general anesthesia. Cere- 
brospinal fluid pressure elevation occurred 
during the first 24 hour postoperative period 
in a patient treated with steroids who had a 
neoplasm removed from the region of the 
third ventricle. On the other hand, cere- 
brospinal fluid pressure elevation developed 
during the 24 to 36 hour postoperative 
period in a nonhormone treated case of 
tumor over the convexity of the cerebral 
hemisphere. Elevation in cerebrospinal fluid 
pressure coincided with a pattern of progres- 
sive reduction in serum albumin for a time 
in the postoperative course of these 2 cases. 
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GLUCOSE POTENTIATION OF POTASSIUM ASYSTOLE 


PRESCOTT JORDAN, JR., M.D., F.A.C.S.,GRANDON E. TOLSTEDT, M.D., and 
FRANCESCO F. BERETTA, M.D., Seattle, Washington 


THE SURGICAL APPROACH to the chambers of 
the heart can be achieved by extracorporeal 
pump oxygenation. A quiet operative field, 
completely free of blood, is an aim common 
to all surgery. At present, this prerequisite 
in cardiac surgery can best be achieved by 
the use of potassium induced cardiac 
asystole. 

The concentration of potassium necessary 
to produce effective rapid cardiac arrest has 
been established as between 2)4 and 10 per 
cent. A variety of substances has been used 
in combination with potassium to potenti- 
ate its action. These substances include 
magnesium sulfate, acetylcholine, and pro- 
stigmin. It is noted that the most effective 
cardioplegics always contain potassium. 
Melrose, in his preliminary communication 
on elective cardiac arrest, diluted a 25 per 
cent solution of potassium citrate with blood 
to attain the desired concentration. His 
choice of the use of blood as a diluent was 
not elaborated on. This article presents ex- 
perimental evidence for the potentiation of 
potassium induced asystole by glucose, and 
its significance in defining the site of potas- 
sium citrate action. 

After elective cardiac arrest has been 
carried out with potassium, the restoration 
of an effective heart beat has presented 
difficulties. These difficulties are primarily 
concerned with ventricular fibrillation and 
ineffective cardiac action. The use of a 
solution of sodium lactate in atrioventric- 
ular heart block has been described clini- 
cally by Bellet (1, 2). Its use experimentally 
after elective potassium arrest in hypo- 
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thermia has been presented by Young and 
Schimert. The action of sodium lactate in 
these conditions has been postulated as due 
to alkalinity, increased conductivity due to 
the presence of the sodium ion, or the direct 
use of lactate by the heart for nutrition. 
This article presents evidence to substanti- 
ate the resuscitative effects of sodium lactate 
on the heart in standstill and its mode of 
action. 


METHOD 


A bubble type pump oxygenator system 
was used to by-pass the heart. Blood was 
removed from the inferior and superior vena 
cava via catheters inserted through the right 
atrium. The blood was oxygenated and then 
returned to the dog via a catheter in the 
femoral artery. Mongrel dogs weighing 
between 12 and 22 kilograms were used for 
all experiments. The dogs were anesthe- 
tized with pentothal sodium intravenously, 
and an airway was maintained with a rub- 
ber endotracheal tube and an inflatable bag. 
Compressed air was used in the respirator. 
An umbilical tape was passed about the 
ascending aorta. This umbilical tape about 
the aorta was used only to elevate the aorta 
so that it could be occluded, injected, or 
sutured. One to 3 minutes after extracor- 
poreal circulation was begun, the ascending 
aorta was clamped with a noncrushing 
arterial clamp, and 2) per cent potassium 
citrate in 5 per cent dextrose and water was 
injected rapidly into the proximal aorta 
through a No. 19 needle until all cardiac 
action ceased. Right ventriculotomy was 
then carried out in all but 2 of the animals. 
Respiration was continued throughout the 
procedure. The ventriculotomy was closed 
and the aortic clamp was removed. 
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In the last 8 animals the ascending aorta 
was injected with 10 cubic centimeters of 
10 per cent sodium lactate just before the 
aortic clamp was removed. 

In approximately one-half of the animals, 
200 cubic centimeters of blood were re- 
moved from the coronary sinus after open- 
ing the aortic clamp. This blood was dis- 
carded. In the remaining animals this blood 
was allowed to return to the oxygenator. 

Following resumption of a normal heart 
beat the extracorporeal circulation was in- 
terrupted and, if an effective beat was 
observed, the caval catheters were removed. 

Blood for determination of serum potas- 
sium levels was drawn from the experi- 
mental animals (1) before perfusion, (2) at 
time of asystole, and (3) at the time of 
resuscitation. The determinations of serum 
potassium were done by flame photometry 
and reported in milliequivalents per liter. 


TECHNIQUE OF PRODUCING POTASSIUM 
ASYSTOLE 


The flow in the aorta is retrograde after 
extracorporeal circulation is established 
and, therefore, an attempt was made to 
inject the potassium into the ascending aorta 
before clamping it. In this manner it was 
possible to cause cardiac arrest very prompt- 
ly. However, as the excess potassium dif- 
fused to the aortic arch and carotid sinus, 
there was a massive attempt by the animal 
to respire and the chest moved so violently 
that injection of potassium into the aorta 
was at times difficult. This reaction was 
also observed when 10 per cent sodium lac- 
tate was injected into the ascending aorta 
without cross-clamping. These alkaline solu- 
tions appear to stimulate the chemorecep- 
tors of respiration in the carotid sinus and 
aortic arch, resulting in an attempt by the 
animal to respire. 

This syndrome was verified in 10 dogs 
and, consequently, we now clamp the aorta 
and inject potassium into the proximal 
aorta. After the aorta is clamped there is a 
very low pressure in the proximal aorta 
which results in opening of the aortic valve. 


If potassium is injected slowly it will, in a 
large part, be deposited in the ventricle 
and not aid in the production of asystole. 
Therefore, we find it necessary to inject 
potassium rapidly with a large caliber 
needle, in order to close the aortic valve and 
force the potassium into the coronary 
arteries. 

If a large amount of potassium is allowed 
to run into the left ventricle through an 
open aortic valve on resumption of cardiac 
beat, the heart action will promptly be 
arrested again because of the forcing of 
blood with a high concentration of potas- 
sium into the coronary arteries. 


RESULTS 


In 9 animals (dogs 36 through 44), 
cardiac arrest was induced by injecting 7 
to 12 cubic centimeters of potassium citrate 
in blood into the proximal aorta. Cardiac 
arrest was prompt in all cases and recovery 
did not occur until the coronary arteries 
were perfused with oxygenated blood (Ta- 
ble I). 

In 14 animals (dogs 45 through 58), 2.5 
per cent potassium citrate in 5 per cent 
glucose solution was injected in the proxi- 
mal aorta. In all cases cardiac arrest was 
prompt, and recovery did not occur until 
the coronary arteries were perfused with 
oxygenated blood (Table I). 

In 5 animals (dogs 51 through 55), 2.5 
per cent potassium citrate in normal saline 
was injected into the proximal aorta. In all 
cases, cardiac arrest was prompt; however, 
a regular cardiac rhythm returned within 1 
minute without perfusion of the coronary 
arteries or any other resuscitative measures 
(Table I). These animals’ hearts subsequent 
to a short period of coronary perfusion were 
placed in prolonged asystole by using po- 
tassium citrate in 5 per cent glucose as a 
cardioplegic and are included in that group 
also. 

In 3 animals (dogs 56 through 58), 2.5 
per cent potassium citrate was injected into 
the proximal aorta. In these cases, cardiac 
arrest was prompt; however, a regular 
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TABLE I.—EFFECT OF DILUENT UPON DURATION OF POTASSIUM ASYSTOLE 
2.5 per cent potassium 2.5 per cent potassium 2.5 percent potassium 2.5 per cent potassium 


citrate in saline 
60 seconds in 
5 experiments 


Average length of asystole............... 


Spontaneous escape from effects of potassium 


without coronary perfusion............ Yes 
Amount of mixture needed to cause asystole, 
Piricidnicruvenccrnisnccrvaseteeedes 7-10 


citrate citrate in blood citratein 5 per cent glucose 


25 minutes in 
14 experiments 


23 minutes in 
9 experiments 


3 minutes in 
3 experiments 


Yes No No 
7-20 7-12 4-15 


Injection of potassium was stopped as soon as cardiac arrest had been achieved. 


TABLE II.—POTASSIUM LEVELS WITH RECIRCULATION OF CORONARY SINUS BLOOD 


Venous blood before 


Dog No. cardiac arrest 
53 4.6 
5? ae 
58 5.1 
59 4.2 


Venous blood immediately 
after induction of 


Venous blood after 
resuscitation of 


cardiac arrest the heart 
6.8 4.5 
6.9 5.0 
5.9 4.8 
5.0 3.9 


All values are potassium concentration in milliequivalents per liter. In these experiments between 175 and 300 milligrams of potassium citrate 


were used to produce cardiac arrest. 


TABLE III.—RESUSCITATION WITH SODIUM LACTATE 


Recovery time 
from release 


Dog Ventricular of aortic clamp, Animal 
No. fibrillation mins. survival 
54 No 4 Yes 
55 No 2 Yes 
56 No 2 Yes 
57 Yes a Yes 
58 Yes 3 Yes 
60 Yes 3 Yes 
61 Yes 2 Yes 
62 No 1 Yes 


Length of asystole 
prior to perfusion 
of coronary arteries, 


mins. Remarks 

41 

25 

30 

30 Ventricular fibrillation stopped with 1 
electric shock 

48 Ventricular fibrillation stopped with 
potassium citrate 

30 Animal sacrificed. Ventricular fibrilla- 

tion stopped with potassium citrate 
45 Animal sacrificed. Ventricular fibrilla- 


tion stopped with potassium citrate 

Potassium asystole induced 6 times and 
cardiac action resumed each time. 
Animal sacrificed 


Total of 125 min. 
on extracor- 
poreal circula- 
tion 


All animals in this Table had 10 c.c. of 10 per cent sodium lactate injected into the proximal aorta during the process of resuscitation. 


rhythm returned within 3 minutes without 
perfusion of the coronary arteries or any 
other resuscitative measures (Table I). 
These animals’ hearts also were given a peri- 
od of 1 to 2 minutes of coronary perfusion 
and then asystole was produced with potas- 
sium citrate in 5 per cent glucose. These also 
are included in both groups. 

In a series of 5 acute experiments (dogs 
62 through 66), the effects of insulin and 
glucose, either alone or in combination as 
a diluent for potassium citrate, were investi- 
gated (Table IV). In all animals with nor- 
mal blood sugars, insulin plus potassium 


or these two in combination with glucose 
gave prompt and sustained asystoles. 

The concentration of potassium in the sys- 
temic blood serum was measured in 4 cases 
(Table II). In these experiments the coro- 
nary blood during the cordial resuscitation 
was returned to the oxygenator, and re- 
circulated, instead of being discarded. The 
only consistent change seen in the serum 
potassium concentration was immediately 
after induction of cardiac arrest by injection 
of potassium. After cardiac resuscitation the 
serum potassium concentration was higher 
than the initial measurement in 1 case. 








618 Surgery, Gynecology ¢z Obstetrics - November 1957 


In all, 23 consecutive animals (dogs 36 
through 58) were subjected to potassium 
asystole and right ventriculotomy, with long 
term survival as the objective. The period 
of asystole varied from 14 to 70 minutes. 
Eight of these animals died. In 7 of the ani- 
mals death occurred after a regular rhythm 
had returned. The cause of death appeared 
to be an ineffective ventricular contraction 
with resulting cardiac dilatation and death. 

In the last 5 animals of this series (dogs 
54 through 58) and 3 acute subsequent ex- 
periments (dogs 60, 61, and 62) sodium lac- 
tate was used in resuscitation of the heart 
(Table III). An effective regular ventricular 
contraction was established in all 8 animals. 
In 5 of these (dogs 57, 58, 60, 61, and 62) 
ventricular fibrillation occurred, but on 
breaking this abnormal rhythm either with 
electrical shock or potassium citrate a regu- 
lar effective rhythm ensued. 

The question of whether or not any 
strongly alkaline solution would do as well 
as sodium lactate was investigated in 2 ani- 
mals (dogs 63 and 64). Ten per cent sodium 
bicarbonate solution was used instead of the 
sodium lactate. In these 2 cases the recovery 
period before establishment of ventricular 
contractions was longer than with sodium 
lactate, and cardiac action was ineffective. 


DISCUSSION 


The pioneer work describing the effect of 
various Cations on cardiac rate and rhythm 
was reported by Ringer (9, 10, 11) in 1882. 
More pertinent to this discussion, Hooker, 
in 1929, used potassium chloride to stop 
ventricular fibrillation. He resuscitated these 
hearts using calcium chloride and adrenalin. 
Neither of these observers indicated the site 
or mode of potassium’s action. 

The experimental observations pre- 
sented in this article are based entirely upon 
the minimal percentage of potassium (2.5 
per cent) capable of producing prolonged 
cardiac asystole. The cardioplegic action of 
potassium is produced by prolonging the 
absolute refractory period of cardiac muscle. 
This prolongation by potassium can be po- 





tentiated for protracted periods by glucose. 
It seems fair to assume from this and work 
by others that: (1) the potassium is linked 
in some fashion with glucose to give this 
prolonged action, and (2) its site of action 
is extracellular. 

Fenn postulated that potassium linked 
with phosphate ion to form a hexose phos- 
phate when glucose, in association with in- 
sulin, was deposited as glycogen in the rats’ 
liver. Such a linkage could be the means of 
glucose’s potentiation of potassium asystole. 
Whether such a combination could give 
slow release of potassium with prolongation 
of the cardiac refractory period is unknown. 
Howell (5) showed a direct relationship 
between the heart’s responsiveness to acetyl- 
choline and serum potassium level. If the 
potassium asystole obtained is a profound 
acetylcholine effect, it is difficult to corre- 
late with the dependency of prolonged asys- 
tole upon the presence of exogenous glucose 
or insulin in combination with potassium. 
The effect of insulin in combination with 
potassium in prolonging asystole suggests 
the linking of potassium with endogenous 
glucose. Insulin acts in this situation as a 
catalyst to secure the potassium-glucose 
linkage that reduces the myocardium to 
electrical neutrality. 

It has been shown clinically and experi- 
mentally that elevation of the serum or 
extracellular potassium bears a direct rela- 
tionship to electrocardiographic evidence 
of potassium intoxication of the heart. The 
converse or lowering of the extracellular 
potassium and raising the intracellular po- 
tassium reverts the signs of intoxication. Our 
observations show the inability of a 214 per 
cent potassium citrate solution to produce 
asystole except for short periods (1 to 3 min- 
utes), indicating the time necessary to bal- 
ance osmotically the intracellular and extra- 
cellular concentration of potassium. This 
reduction of the high initial extracellular 
potassium concentration leads to an escape 
of the heart from asystole. 

Thus, it appears that given a static flow 
situation, potassium in dilute concentrations 
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acts as a prolonged cardioplegic in an extra- 
cellular site when in intimate association 
with high concentrations of glucose. A 
similar prolonged cardioplegic response can 
be potentiated by insulin and potassium 
alone. Presumably, in this situation, insulin 
secures the rapid association of endogenous 
glucose and potassium. Such an association 
does not occur in the absence of this cata- 
lyst unless glucose is in concentrations above 
normal. 

Preparations containing salts of lactic 
acid have been shown to be effective clini- 
cally as an aid in restoring effective cardiac 
rhythm in cases of atrioventricular heart 
block. Sodium lactate and Ringer’s lactate 
have been used experimentally in cases of 
elective cardiac arrest. They apparently aid 
in restoration of a normal rhythm after elec- 
tive cardiac arrest in hypothermic animals. 
In elective cardiac arrest of normothermic 
dogs with circulation supported by a pump 
oxygenator, the resuscitation of the heart is 
a major problem, as shown by the experi- 
mental work presented in this article. Eight 
animals died, and in 7 of these a regular 
rhythm was established before death re- 
sulted from ineffective ventricular contrac- 
tions. Serum potassium levels in our study 
taken at the termination of aortic occlusion 
were not of a magnitude to account for this 
phenomenon. It appears from this observa- 
tion that some mechanism other than the 
myocardial conduction system is responsible 
for death in these cases. In the 8 animals in 
which the myocardium was perfused with 
10 per cent sodium lactate during the period 
of resuscitation, the return of regular effec- 
tive ventricular contractions was prompt. 
This effect was not noted when sodium bi- 
carbonate was used instead of sodium lac- 
tate. Bellet (6) has shown that sodium bi- 
carbonate was not effective in protecting ex- 
perimental animals from potassium toxicity, 
while sodium lactate was effective against 
toxicity. This fact suggests that neither the 
increased pu or the presence of the sodium 
ion is responsible for the beneficial effect of 
sodium lactate on cardiac action. Lactic 
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TABLE IV.—EFFECTS OF INSULIN AND GLUCOSE 
AS A DILUENT 
Cardioplegi¢ action 
and amount of solu- 
tion used in ¢.c. 


Dog Blood sugar, 


No. mgm. percent  Cardioplegic solution c.c. 


62 100 25% potassium citrate 2 Prolonged asys- 
U-40 insulin 1 tole 2 c.c. 
5% glucose in DW 17 ; 
62 25% potassium citrate 2 Prolonged asys- 
U-40 insulin 1 tole 
Isotonic sodium 
chloride 17 
62 25% potassium citrate 2 Escape from asys- 
Isotonic sodium tole in 4% min. 
chloride 18 
63 160 25% potassium citrate 2 Prolonged asys- 
U-40 insulin 1 tole 5 c.c. 
5% glucose in DW 17 
64 25% potassium citrate 2 Prolonged asys- 
U-40 insulin 1 stole 4 c.c. 
Isotonic sodium 
chloride 17 
65 25% potassium citrate 2 Prolonged asys- 
U-40 insulin 1 tole 8 c.c. 
Isotonic sodium 
chloride 17 
66 25% potassium citrate 2 Prolonged asys- 
U-40 insulin 1 tole 
Isotonic sodium 
chloride 17 


acid is the important substance, and this 
is borne out by the experimental work of 
Evans, who has shown that the myocardium 
will preferentially metabolize lactic acid 
in the presence of adequate oxygenation. 
By increasing the concentration of lactic 
acid in the heart, the nutritional require- 
ments of that organ can be met and its mus- 
cular contractions will become effective. 


CONCLUSIONS 


1. Potassium citrate’s cardioplegic action 
is potentiated by 5 per cent glucose. This 
potentiation is possibly due to a potassium- 
glucose bonding as a hexose phosphate. 

2. Potassium and glucose in combination 
as a cardioplegic appear to act in an extra- 
cellular site in this static coronary vascular 
situation. 

3. Insulin is an effective potentiator of 
potassium citrate asystole. Its action would 
seem to be as a catalyst to speed the poten- 
tiation of potassium action by either endog- 
enous or exogenous glucose. 





4, The serum potassium levels in elective 
potassium asystole are not of a magnitude 
to necessitate discarding the coronary sinus 
blood at the time of cardiac resuscitation. 

5. Ten per cent sodium lactate is an ef- 
fective cardiac resuscitating agent in cardiac 
standstill due to potassium intoxication. 

6. Sodium lactate’s action is not due to its 
alkalinity or sodium ion content but pre- 
sumably to its nutritional attributes in a 
well oxygenated myocardium. 
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THE FATE OF BLOOD IN THE PERITONEAL CAVITY 


JACK A. PRITCHARD, M.D., and REUBEN H. ADAMS, M.D., Dallas, Texas 


MASSIVE INTRAPERITONEAL HEMORRHAGE is 
encountered not infrequently in the practice 
of obstetrics and gynecology. A laparotomy 
is performed, hemostasis is achieved, and 
frequently all or nearly all of the blood is re- 
moved from the peritoneal cavity. Should 
the removal of such blood be only sufficient 
to permit satisfactory exposure lest the pa- 
tient be deprived possibly of an autotrans- 
fusion, as suggested by Curtis and Huffman, 
or should practically all of the blood be 
removed as recommended by Titus? This 
study was undertaken in an attempt to an- 
swer this and the following questions: What 
would be the fate of these erythrocytes in the 
peritoneal cavity if they were not removed? 
Would the patient benefit by leaving free 
blood in the peritoneal cavity at the time of 
surgery or would the risks involved outweigh 
the possible advantages? Are those labora- 
tory tests which are frequently of value for 
detecting increased red cell destruction of 
any aid in diagnosing the presence of blood 
in the peritoneal cavity? 

Recently in a preliminary study in hu- 
mans, utilizing a method which allowed 
rather precise quantitation of the number of 
erythrocytes absorbed, it was observed that 
on the average two-thirds of the erythrocytes 
initially placed in the peritoneal cavity ap- 
peared in the intravascular compartment by 
the end of 1 week and that these erythro- 
cytes then survived normally (4). The vol- 
ume of blood introduced into the peritoneal 
cavity was small (50 to 100 milliliters) and 
this blood prior to being placed in the peri- 
toneal cavity had been rendered incoagu- 
lable. Therefore the study did not determine 
the capacity of the peritoneum to absorb 
erythrocytes from large volumes of blood, 
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nor did it determine the fate of erythrocytes 
in blood which was capable of clotting within 
the peritoneal cavity. 

To measure precisely the number of red 
cells transferred from the peritoneal cavity 
to the intravascular compartment necessi- 
tates the labelling of the intraperitoneal 
erythrocyte. Ideally the label should be eas- 
ily applied without damaging the red cell, 
it should remain bound to the erythrocyte as 
long as it remains intact, and when the red 
cell is destroyed the label must not be in- 
corporated into another erythrocyte. Previ- 
ous observations have indicated that radio- 
active chromium in the form of sodium 
chromate (Na2Cr*'O,) fulfills these criteria. 


METHODS 


The problem of the fate of erythrocytes in 
large volumes of blood in the peritoneal 
cavity was attacked in a number of ways. In 
8 instances at the time of laparotomy per- 
formed for ruptured tubal pregnancy in pa- 
tients with brisk bleeding into the peritoneal 
cavity, most of the liquid blood was aspirated 
into a 2 liter flask which contained 200 mi- 
crocuries of NagCr"O, and 120 milliliters 
of acid citrate dextrose (acpD) solution. The 
flask was agitated frequently. Forty-five 
minutes to 1 hour later at the completion of 
the salpingectomy or salpingectomy plus 
hysterectomy the peritoneum was closed 
tightly with a purse-string suture around a 
rubber tube and through it a measured vol- 
ume of the aspirated blood was replaced in 
the peritoneal cavity. The volumes intro- 
duced ranged from 475 to 1,150 milliliters 
and averaged 860 milliliters; the hemato- 
crits of this blood ranged from 19 to 39 and 
averaged 25. 

In 7 recently postpartum subjects who 
were otherwise normal, blood was drawn 
from the antecubital fossa into a blood bank 
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bottle which contained 120 milliliters of acp 
solution and 200 microcuries of NagCrO, 1 
to 2 hours before bilateral tubal ligation and 
partial resection were done because of great 
multiparity. After collection the bottle was 
occasionally agitated. Blood ranging in vol- 
ume from 450 to 610 milliliters, and averag- 
ing 525 milliliters, was placed in the peri- 
toneal cavity as in the previous group. The 
hematocrits of this blood ranged from 31 to 
40 and averaged 36. 

In these 2 groups of subjects clotting of the 
blood placed in the peritoneal cavity was 
inhibited by the acp solution as well as by 
previous partial intraperitoneal clotting in 
several of the cases in which the blood was 
initially obtained from the peritoneal cavity. 
Therefore, to study the fate of intraperitoneal 
erythrocytes in blood which could readily 
clot, in 5 subjects blood was placed directly 
from a compatible donor into the peritoneal 
cavity at the time of bilateral tubal ligation 
and partial resection. Resident physicians of 
the same blood types as the recipients were 
selected as donors. Their blood was cross- 
matched using the indirect Coombs test as 
well as the standard technique with albumin. 
Several hours before the surgical procedure 
50 milliliters of the donor’s blood were tagged 
with 300 microcuries of NagCr*!O, and then 
returned to the donor. At the time of closure 
of the peritoneum, blood was drawn directly 
from the donor through an 18 gauge coated 
needle into 50 milliliter silicone-coated syr- 
inges and was immediately injected into the 
peritoneal cavity. The total volume placed 
in the peritoneal cavity ranged from 450 to 
500 milliliters and averaged 480 milliliters. 
The hematocrits of the donor blood varied 
from 44 to 49. 

To determine the fate of intraperitoneal 
erythrocytes in clotted blood in 4 subjects, 
at the time of laparotomy for myomas or for 
sterilization, small blood clots containing the 
subject’s labelled erythrocytes were placed 
in the peritoneal cavity. The erythrocytes in 
50 milliliters of each subject’s blood were 
labelled with 100 to 200 microcuries of 
NaeCrO, in a bottle containing 20 milli- 


liters of acp solution. At the start of laparot- 
omy 4 milliliters of the blood were placed in 
each of 7 to 12 test tubes 13 millimeters in 
diameter to which had been added enough 
calcium chloride to overcome the anticoag- 
ulant action of the Acp solution. Just prior 
to closing the peritoneum the clots were 
“rimmed” with an applicator stick and 
dripped throughout the peritoneal cavity. 

An aliquot of the labelled blood was saved 
in each case. The hematocrit was determined 
and 4 milliliters of the whole blood and 2 
milliliters of the plasma plus 2 milliliters of 
water were placed in identical test tubes for 
measurement of erythrocyte radioactivity in 
a well-type scintillation counter. Venous 
blood was drawn at intervals of 1 to 4 days 
for 10 to 20 days after the intraperitoneal 
instillation, and in 10 of these subjects addi- 
tional blood samples were obtained until the 
circulating erythrocyte radioactivity reached 
or closely approached zero. From the serial 
measurements of the radioactivity in the 
whole blood and plasma samples and from 
the hematocrit, the erythrocyte radioactivity 
per milliliter of blood was calculated. After 
the first 24 hours the circulating plasma 
radioactivity was negligible, all of the radio- 
activity being bound to the circulating eryth- 
rocytes. All measurements of radioactivity 
were corrected for physical decay of the 
isotope. 

Five to 10 days after the intraperitoneal 
instillation of the labelled erythrocytes the 
plasma volume, and indirectly the approx- 
imate total circulating blood volume, was 
determined using Evans blue dye. The de- 
gree of absorption of intraperitoneal eryth- 
rocytes, expressed as per cent, was calcu- 
lated from the following formula: 


Per cent absorbed = 
RBC activity per ml. of blood X Blood volume 


Total intraperitoneal RBC activity 





x 100 


Serial measurements of the plasma biliru- 
bin concentration were made in 13 subjects 
and the amount of urobilinogen excreted in 
the urine was measured in 10 subjects, the 
former by the method of Malloy and Evelyn 
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10 


DAYS 
a 


Fic. 1. a, Plotted are the circulating erythrocyte radio- 
activities, expressed as per cent of the initial intraperi- 


and the latter by the method of Watson and 


associates. The patients were observed for 


clinical evidence of jaundice. 

All urine was collected from 1 subject who 
received her own labelled erythrocytes ini- 
tially obtained from the peritoneal cavity 
and from 1 who received labelled blood 
directly from a donor, and the daily urinary 
excretion of radioactive chromium was de- 
termined. 


OBSERVATIONS 


Blood replaced in peritoneal cavity. As shown 
in Figure 1a, in 7 of the 8 subjects with a 
ruptured ectopic pregnancy in whom blood 
was aspirated from the peritoneal cavity and 
then reintroduced after labelling, there was 
considerable transfer of labelled erythrocytes 
from the peritoneal cavity to the intravas- 
cular compartment. The maximum circulat- 
ing erythrocyte radioactivity which resulted 
in each of these 7 ranged from 50 to 82 per 
cent and averaged 64 per cent of the amount 
introduced. The maximum was reached in 8 
to 12 days. 
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toneal red cell radioactivity, which developed following 
aspirating, labelling, and replacing in the peritoneal 
cavity blood resulting from a ruptured tubal pregnancy 
with massive hemorrhage. b, Demonstrated is the dura- 
tion of circulating erythrocyte radioactivity in 3 of the 
subjects in (a), indicating that the red cells absorbed 
from the peritoneal cavity survived normally. 


To determine the life span of the absorbed 
red cells in 3 instances the circulating eryth- 
rocyte radioactivity was measured until it 
reached or closely approached zero and, as 
shown in Figure 1b, radioactivity was de- 
tected for a minimum of 95 days. 

No clinical evidence of jaundice was ob- 
served in these 7 subjects. Serial serum bili- 
rubin levels were determined in 4; the high- 
est serum bilirubin concentration in each 
ranged from 0.5 to 1.3 milligrams per 100 
milliliters. Daily urine urobilinogen excre- 
tion was measured in 3 and in each instance 
was less than 1.0 Ehrlich unit per 2 hours. 

Reintroduction of blood into the peritoneal 
cavity was not followed by shoulder pain. 
The degree of abdominal distention which 
developed during the early postoperative 
period in these subjects seemed to be appre- 
ciably greater than usually seen after such 
an operation. The degree of absorption of 
labelled erythrocytes was not consistently 
related to either the patients’ hematocrits 
during the immediate postoperative period or 
the volumes of blood introduced (Table I). 
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TABLE I.—INDIVIDUAL OBSERVATIONS FOLLOWING THE INTRODUCTION OF BLOOD INTO THE PERI. 
TONEAL CAVITY 


Intraperitoneal Hematocrit, 
Subject blood, ml. postop. 
I. Ruptured ectopic 
Roam s Waits pees 1070 oe 
Desaisiomawuriawieies 970 28 
NO Tse On ote 1100 26 
RS tess oAEASeN bbs 915 23 
- TE ee re oe 620 27 
Briciistenesacnuiis 475 30 
Tiiakocaisis@enaiewls 600 26 
Bis sate sini wicinie te 1150 29 
II. ACD blood 
Dogue sw acae Neuen 610 39 
RU scieeueetniesiewats 575 39 
| Rr ere 450 39 
NE euich ies manatees 550 35 
Soc er casa som pesinn 530 38 
SOC eee 490 38 
eee 475 43 
III. Donor blood 
AD ccc cca au Nwieais 500 39 
AG ruuisms aaeinsincis 450 38 
PBe socio sate ee vine 475 40 
ei Scere cernien 500 36 
On cus Sains e eicteinenin 475 42 





I, — Blood initially obtained from the subject’s peritoneal cavity. 
II. — Blood drawn from the subject’s vein, 


III. — Blood without ACD solution obtained from a compatible donor. 


In 1 of these subjects erythrocyte transfer 
from the peritoneal cavity to the intravas- 
cular compartment accounted for less than 
10 per cent of the cells initially placed in the 
peritoneal cavity and finally the remaining 
blood had to be removed: 


L. D. P. was apparently normal until she bled 
rapidly and massively into the peritoneal cavity from 
a ruptured tubal pregnancy. At the time of laparotomy 
no other intra-abdominal abnormality was noted; 
there was no evidence of either recent or remote 
peritonitis. Following tubal resection 1,150 milliliters 
of blood were replaced in the peritoneal cavity. 

On the first postoperative day there was bulging of 
the flanks and shifting dullness within the abdomen. 
At this time bowel sounds were present and patient 
expelled flatus. Her temperature rose briefly to a max- 
imum of 100 degrees 48 hours after surgery. The 
serum bilirubin reached 2.1 milligrams per 100 milli- 
liters. 

Four days after surgery circulating erythrocyte 
radioactivity accounted for only 7 per cent of the 
erythrocyte radioactivity placed in the peritoneal 
cavity. Culdocentesis yielded thick blood with a 
hematocrit of 75; a smear of this blood revealed the 
structure of most of the erythrocytes to be normal. 
This material contained considerable radioactivity. 

A further rise in circulating erythrocyte radio- 
activity did not occur. The.patient remained asympto- 
matic and afebrile. On the eleventh postoperative day 


Maximum 
Absorbed Days until bilirubin, Shoulder 
RBC, per cent maximum (mgm./100 ml.) pain 

82 8 1.0 0 
73 12 13 0 
70 9 0.8 0 
61 9 _ 0 
60 10 0.5 0 
51 11 _ 0 
50 11 _ 0 

8 = Pa | 0 
77 16 _ + 
76 10 0.7 0 
69 9 0.6 + 
68 14 0.7 0 
64 16 _ + 
41 14 — 0 
41 15 0.8 + 
60 7 _ 0 
52 8 0.8 + 
46 8 0.7 i 
30 16 0.5 0 
20 8 0.7 + 


another culdocentesis was performed. The bloody 
material obtained was again very thick. The structure 
of the erythrocytes was considerably distorted and 
numerous red cell ‘‘ghosts” were present. 

Four days later, the fifteenth postoperative day, 
her temperature rose to 102 degrees and she com- 
plained of lower abdominal pain. At this time the 
peripheral blood again contained only 8 per cent of 
the erythrocyte radioactivity originally placed in the 
peritoneal cavity. A colpotomy was done and about 
500 milliliters of thick bloody material were obtained 
which when cultured yielded Escherichia coli. The 
patient promptly recovered. 


Citrated blood from a peripheral vein. In the 7 
apparently normal subjects in whom their 
own blood was drawn from a peripheral vein 
into Na»Cr*O,y-acp solution and_ then 
placed in the peritoneal cavity there was 
considerable transfer of erythrocytes to the 
intravascular compartment. The maximum 
circulating erythrocyte radioactivity in each 
ranged from 41 to 77 per cent and averaged 
62 per cent of the initial intraperitoneal 
erythrocyte radioactivity; these levels were 
reached in 8 to 14 days (Fig. 2a). There was 
no apparent correlation between the subjects’ 
hematocrits and the amount of red cell ab- 
sorption (Table I). 
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Fic. 2. a, The degree of transfer to the intravascular 
compartment of the subjects’ erythrocytes which were 


In 3 instances the duration of circulating 
erythrocyte radioactivity was determined 
and, as shown in Figure 2b, it was detected 
for a minimum of 99 days after placing 
blood in the peritoneal cavity. 

The operation was carried out by using 
spinal anesthesia. Shoulder pain developed 
within 10 minutes to 2 hours after the intra- 
peritoneal instillation of the citrated blood in 
4 of 7 subjects and disappeared in 16 to 48 
hours. During the early postoperative period 
abdominal tenderness and intestinal disten- 
tion seemed more marked than usually seen 
after this operation; gastrointestinal intuba- 
tion was not necessary however. 

There was no clinical evidence of jaundice 
following the intraperitoneal instillation of 
blood. The highest serum bilirubin level 
noted in 4 of these subjects ranged from 0.6 
to 0.8 milligram per 100 milliliters. Daily 
urine urobilinogen excretion measured in 4 
was less than 1.0 Ehrlich unit per 2 hours. 

Compatible donor blood directly into the peri- 
toneal cavity. In the 5 subjects who received 
intraperitoneally labelled compatible eryth- 
rocytes in blood directly from suitable donors, 
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obtained by venipuncture, labelled, and placed in the 
peritoneal cavity at laparotomy is shown. b, Circulating 
erythrocyte radioactivity for 99 days or more in 3 of the 
subjects in (a) indicates normal survival of erythrocytes 
absorbed from the peritoneal cavity. 


rather than their own citrated blood, the 
maximum circulating erythrocyte radioac- 
tivity accounted for 20 to 60 per cent and 
averaged 42 per cent of the initial intra- 
peritoneal erythrocyte radioactivity (Fig. 3). 
Maximum absorption was reached in 7 to 16 
days. Again there was no apparent correla- 
tion between the subjects’ hematocrits and 
red cell absorption (Table I). 

The duration of circulating erythrocyte 
radioactivity was measured in 4. It was con- 
siderably shortened in 2 (subjects 16 and 17), 
averaging only 40 days, but in the other 2 
(subjects 18 and 19) it was normal. Studies 
in the 2 subjects with shortened survivals, 
including a search for abnormal hemoglobin 
by filter paper electrophoresis, revealed no 
hematologic abnormality. Furthermore, in 
both instances the donor’s cells survived in 
him for at least 100 days. 

No clinical evidence of jaundice followed 
the intraperitoneal instillation of blood; max- 
imum serum bilirubin concentration ranged 
from 0.5 to 0.8 milligram per 100 milliliters. 
Daily urine urobilinogen excretion was less 
than 1.0 Ehrlich unit per 2 hours. 
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Fic. 3. Demonstrated is the amount of transfer of eryth- 
rocytes from the peritoneal cavity to the intravascular 
compartment following the introduction of donor blood 
without acp solution into the peritoneal cavity. 


Tubal ligation and partial resection were 
performed by using spinal anesthesia. In 3 
out of 5 instances shoulder pain developed 
10 minutes to 2 hours after the intraperitoneal 
instillation of blood and lasted for 24 to 48 
hours. In all but 1 there was more generalized 
abdominal tenderness and abdominal dis- 
tention than usually seen after this opera- 
tion. In 1 the degree of ileus necessitated 
gastrointestinal intubation and _ constant 
suction. 

Labelled erythrocytes in blood clots. As shown 
in Figure 3, the percentage of erythrocytes 
transferred to the intravascular compart- 
ment after placing numerous small blood 
clots in the peritoneal cavity usually was 
much less than when the blood was added 
in the liquid state. The maximum circulat- 
ing erythrocyte radioactivity accounted for 
only 15 to 29 per cent and an average of 22 
per cent of the labelled erythrocytes placed 
in the peritoneal cavity. There was no evi- 
dence that the introduction of these rela- 
tively small blood clots into the peritoneal 
cavity was deleterious to the patient. 






Urinary excretion of Cr. In subject No. 2 
the total radioactivity placed in the peri- 
toneal cavity in blood originally obtained 
from the peritoneal cavity was 17,400,000 
counts per minute (CPM); 13,600,000 CPM, 
or 78 per cent of the total radioactivity, were 
bound to the red cell fraction. During the 
first 24 hours after placing the labelled blood 
in the peritoneal cavity 4,050,000 CPM ap- 
peared in the urine, slightly more than the 
3,800,000 CPM which were not bound to the 
erythrocytes. During the second 24 hours the 
urine radioactivity was 2.8 per cent of the 
radioactivity bound to the erythrocytes 
placed intraperitoneally. Urinary Cr*! ex- 
cretion slowly fell during the next week to 
reach 1.1 per cent of the initial intraperi- 
toneal erythrocyte radioactivity on the ninth 
postoperative day. Circulating erythrocyte 
radioactivity reached a maximum of 73 per 
cent on the twelfth day; the amount of ra- 
dioactivity which had appeared in the urine 
plus that in the circulating erythrocytes 
accounted for 91 per cent of the radioac- 
tivity originally placed in the peritoneal 
cavity. 

In subject No. 18 labelled erythrocytes 
were provided by a compatible donor. All 
of the radioactivity in the donor blood was 
bound to the erythrocytes. Excretion of Cr®# 
comparable to that in this subject did not 
occur during the first 24 hours after the in- 
troduction of labelled blood into the peri- 
toneal cavity, presumably because all the 
intraperitoneal radioactivity was bound to 
the red cells. Instead, the urine radioactivity 
rose progressively to reach 6 per cent of the 
initial intraperitoneal radioactivity on the 
fifth postoperative day. It then fell to 2.8 
per cent on the eighth day, the last day of 
measurement of urinary Cr® excretion. At 
this time the amount of radioactivity ex- 
creted in the urine plus that in the circu- 
lating blood accounted for 74 per cent of the 
amount placed in the peritoneal cavity. 


DISCUSSION 


These studies indicate that the introduc- 
tion of a relatively large volume of the sub- 
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ject’s own blood mixed with acp solution 
into the peritoneal cavity is usually followed 
by the transfer of about two-thirds of the 
red cells from the peritoneal cavity to the 
intravascular compartment where the ab- 
sorbed cells survive normally. However, 
when whole blood from presumably com- 
patible donors is placed directly into the 
peritoneal cavity without the addition of 
acD solution, the number of erythrocytes 
subsequently appearing in the circulating 
blood may be appreciably less. 

In spite of the use of the indirect Coombs 
test as well as standard cross-matched pro- 
cedures, an explanation which must be con- 
sidered for the rather marked increase in the 
rate of disappearance of circulating erythro- 
cyte radioactivity in 2 of the subjects who 
received donor blood is that the donor’s red 
cells may have been incompatible with the 
recipient’s blood. In any event, since both 
the recipients and the donors were hem- 
atologically normal, the shortened life spans 
observed in these 2 subjects supply further 
proof that erythrocyte radioactivity which 
appeared in the blood stream resulted from 
the actual transfer of labelled erythrocytes 
from the peritoneal cavity rather than from 
intraperitoneal erythrocyte destruction, fol- 
lowed by just the transfer of radioactive 
chromium to the erythrocytes already in the 
intravascular compartment. If the latter 
were the mechanism by which circulating 
erythrocyte radioactivity developed, the ra- 
dioactivity should have persisted for more 
than 90 days, rather than about 40 days as 
observed in these 2 instances. 

Although the volumes of blood replaced 
in the peritoneal cavities of subjects with 
ruptured tubal pregnancies were frequently 
quite large, averaging 860 milliliters, the 
red cell concentration was appreciably re- 
duced; the hematocrits were as low as 19 
and averaged only 25. These rather low 
hematocrits undoubtedly resulted from the 
combination of previous clotting of some of 
the blood within the peritoneal cavity with 
subsequent dilution of the liquid blood by 
serum, to some extent from the lowered 
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Fic. 4. The degree of absorption of erythrocytes is 
shown following the introduction of numerous small 
blood clots containing labelled erythrocytes into the 
peritoneal cavity. 


hematocrits of the subjects’ circulating 
blood, and to a lesser degree from dilution 
of the aspirated blood by the acp solution. 

Actually the total amount of hemoglobin 
in red cells placed in the peritoneal cavity 
was quite similar in all 3 groups, ranging 
from 63 to 71 grams. The amounts of hemo- 
globin in erythrocytes transferred to the in- 
travascular compartment from the peri- 
toneal cavity at the end of an average 
interval of 10 days, excluding subject No. 8 
from group I, amounted to only 41 grams, 
39 grams, and 29 grams in groups I, II, and 
III respectively. In cases of iron deficiency 
or acute hemorrhage the usual minimal re- 
sponse to iron therapy is an increase in 
hemoglobin concentration of 1.0 gram per 
week. Therefore the female patient with a 
blood volume of 4,000 milliliters who is sup- 
plied with iron can be counted upon to make 
a minimum of about 60 grams of hemoglobin 
during a 10 day period, an appreciably 
greater amount than usually was absorbed 
from the peritoneal cavity during. the same 
period of time by these subjects. 





On the other hand, though erythrocyte 
absorption was incomplete, all or nearly all 
of the iron in the intraperitoneal blood ul- 
timately would become available for hemo- 
globin synthesis, but the loss of this iron as 
the result of removing and discarding blood 
found free in the peritoneal cavity need not 
be considered important since replacement 
iron can be readily given as iron salts orally, 
saccharated iron oxide intravenously, or 
iron-dextran intramuscularly. 

Measurements of the serum bilirubin con- 
centration and urobilinogen excreted in the 
urine proved of little value for detecting the 
presence of free blood in the peritoneal 
cavity; the serum bilirubin level was above 
1.0 milligram per 100 milliliters in only 2 
out of 13 subjects, and the urinary excretion 
of urobilinogen was not abnormal in any of 
10 subjects. 

The presence of a considerable volume of 
blood in the peritoneal cavity during the 
postoperative period not infrequently seemed 
to be disadvantageous to these patients. 
The most striking instance was noted in 
subject No. 8 in whom ultimately the intra- 
peritoneal blood localized in the pelvis and 
became infected, necessitating drainage 
through the cul-de-sac. In others the febrile 
response and the degree of ileus during the 
early postoperative period appeared more 
marked than usually seen following these 
operations. No irreversible harm to any of 
the subjects was apparent however. Some of 
these untoward reactions may have resulted 
from the manipulations necessary for col- 
lecting, labelling, and introducing the blood 
into the peritoneal cavity, although every 
attempt was made to maintain asepsis and 
antibiotics were given prophylactically for 
5 to 7 days. 

The exact mechanism by which shoulder 
pain is produced as the result of blood in the 
peritoneal cavity was not determined. Re- 
placement of the blood in the peritoneal 
cavity under general anesthesia in cases of 
ruptured tubal pregnancy was not followed 
by shoulder pain. However 4 out of 7 sub- 
jects who received their own citrated blood 
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intraperitoneally at the time of surgery 
under spinal anesthesia developed shoulder 
pain, as did 3 out of 5 who similarly re- 
ceived compatible donor blood without an 
anticoagulant. It is interesting that the in- 
cidence of shoulder pain in these latter 2 
groups was 7 out of 12, or 59 per cent, and 
in cases of intra-abdominal hemorrhage fol- 
lowing trauma Altemeier and _ associates 
noted it to be present in 17 out of 30, or 57 
per cent. 

The incompleteness and especially the 
slow rate of red cell absorption observed in 
these patients indicate that the intraperi- 
toneal route for blood transfusion therapy is 
impractical if it is assumed that the patient 
who receives blood by transabdominal in- 
jection transfers erythrocytes from the peri- 
toneal cavity to the intravascular compart- 
ment in an amount and at a rate comparable 
to those observed in these subjects during 
the postoperative period. 


SUMMARY AND CONCLUSIONS 


When a relatively large volume of blood, 
obtained either from the peritoneal cavity 
following rupture of an ectopic pregnancy or 
simply drawn from the subject’s vein, is 
mixed with acp solution and placed in the 
peritoneal cavity during laparotomy, on the 
average, two-thirds of the intraperitoneal 
erythrocytes are subsequently transferred to 
the intravascular compartment. The period 
of erythrocyte absorption is prolonged, 
demonstrable absorption being present for 7 
to 16 days after placing such blood in the 
peritoneal cavity. Following their transfer to 
the blood stream the erythrocytes survive 
normally. 

When a comparable number of erythro- 
cytes in blood from presumably compatible 
normal donors but without added acp so- 
lution is similarly placed in the peritoneal 
cavity, the apparent absorption is reduced. 

Relatively slight effect on the level of 
circulating hemoglobin from actual transfer 
of hemoglobin in erythrocytes from the 
peritoneal cavity to the intravascular com- 
partment can be anticipated from erythro- 
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cyte absorption. Although the volumes of 
blood placed in the peritoneal cavity fre- 
quently were quite large, the amount of 
hemoglobin transferred to the intravascular 
compartment compared to the subject’s 
total hemoglobin mass was actually quite 
small. The administration of iron can be 
counted upon to result usually in hemoglobin 
production considerably in excess of the 
amount in erythrocytes transferred to the 
blood stream during the same period of time. 

Measurements of the serum bilirubin con- 
centration or urine urobilinogen excretion 
usually are of little value for detecting the 
presence of blood free in the peritoneal 
cavity. 

While the presence of a large volume of 
blood in the peritoneal cavity results in no 
apparent irreversible harm, its presence may 
be disadvantageous to the patient for often 
increased postoperative morbidity results. 
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It is recommended that in cases of exten- 
sive intraperitoneal hemorrhage the blood 
be removed at the time of laparotomy and 
that iron be given to replace the amount lost 
in the discarded hemoglobin. 
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SADDLE BLOCK ANESTHESIA IN BREECH DELIVERY 





HAROLD I. DAILY, M.D., and STANLEY F. ROGERS, M.D., Houston, Texas 


THE GOLDEN PINNACLE in obstetric anes- 
thesia of complete relief from the pain and 
discomfort of labor, without harmful effects 
to mother or infant, has not yet been 
achieved. In this regard it is realized that 
to date no one type of anesthesia represents 
a panacea, and each case must be judged 
on the clinical factors that are present. 

The safety of saddle block anesthesia in 
obstetrics has been amply proved in the case 
of both mother and infant by Adriani and 
Parmley. In 1950, it was estimated that sad- 
dle block was used in approximately one- 
fourth of the births in the maternity centers 
on the West Coast, and in Springfield, 
Massachusetts, saddle block anesthesia was 
used in 10,000 consecutive deliveries with- 
out a single maternal mortality. 

The series now presented deals with the 
use of saddle block anesthesia in breech 
presentations. Manson was the first to re- 
port the administration of caudal anesthesia 
in breech delivery, and because of the good 
results achieved he later reported on a series 
of breech deliveries using saddle block anes- 
thesia. The excellent results he obtained, 
and the fact that there has, to our knowl- 
edge, appeared no other series, has led us 
to conduct the present study, not forgetting 
the general condemnation of saddle block 
anesthesia for breech delivery elsewhere. 
The main question to be answered is, what 
reason—if any—is there why saddle block 
anesthesia should be more dangerous in 
breech delivery than in vertex presentation? 
We have been told that this is because the 
cervix is tight and unrelaxed, and that the 
infant’s head is often difficult to deliver as 
a result. Further, we have been told that 
saddle block anesthesia often necessitates 


complete breech extraction in the face of in- 
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complete uterine relaxation. Our feeling is 
that the debate is not between saddle block 
anesthesia and other methods in breech de- 
livery but, rather, between the relative safety 
of assisted breech deliveries (partial breech 
extraction) and complete breech extraction. 
We would certainly agree from the outset 
that complete breech extraction is an un- 
wise procedure under saddle block anes- 
thesia. Complete breech extraction should 
not be performed routinely but only on the 
basis of strict indication and necessity. We 
say this for the following reasons: (1) Com- 
plete uterine relaxation, which is necessary 
for complete breech extraction, is achieved 
only by profound, deep ether anesthesia or 
the use of chloroform. (2) Even under these 
circumstances the lower extremities of the 
infant may be injured. (3) The type of anes- 
thesia mentioned not only causes uterine 
relaxation for the delivery, but resides to 
cause uterine atony which is a major factor 
in obstetric deaths from hemorrhage. (4) It is 
unnecessary to add that this profound anes- 
thesia also causes fetal depression and anoxia. 


METHODS 


Our study is taken from the Obstetrical 
Department at Jefferson Davis City-County 
Hospital, which cares for the indigent sick 
who are managed by the House Staff. Ap- 
proximately one-third of all patients de- 
livered are unregistered and have received 
no prenatal care. From July 1, 1952 to 
May 1, 1956, there were 13,389 deliveries, 
486 (3.6 per cent) of which were breech, 
and the infants weighed 1,000 grams or 
over. Of the infants delivered (1,000 gm. 
and over) 169 were delivered under saddle 
block anesthesia by the method of assisted 
breech extraction (partial breech extrac- 
tion). A standard program of analgesia was 
in operation with demerol, seconal, and 
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scopolamine. During the past year chlor- 
promazine (thorazine) has been added to 
the regimen to potentiate these drugs, thus 
eliminating barbiturates, and permitting a 
reduction in the total dosage of demerol. 

The following precepts were laid down 
for the type and timing of the saddle block 
in these cases: (1) A standard type proce- 
dure for the administration of saddle block 
was used, that is, the block was given in the 
third and fourth lumbar interspace, with the 
patient sitting up for a period of precisely 
30 seconds. (2) The agent used was 4 milli- 
grams of pontocaine in 2 cubic centimeters 
of 10 per cent dextrose. (3) In primigravidas 
the saddle block was given at the time the 
presenting part was on the perineum and 
visible without spreading the labia. (4) In 
multiparas, particularly those with rapid 
progress in labor, the saddle block was given 
according to dilatation, station, and progress 
in labor. In no instance was the saddle block 
given unless the cervix was dilated at least 
8 centimeters, and the presenting part at 
+2 to +3 station. In order to have a com- 
parable control group of patients, the type 
of delivery anesthesia was left to the discre- 
tion of the delivering resident, and no re- 
strictions were placed upon the type of pa- 
tient, whether complicated or not, who was 
to be delivered under saddle block, with the 
exception that the saddle block was not used 
if complete breech extraction was antici- 
pated or indicated. In these circumstances 
deep ether anesthesia is our method of 
choice. In the rare instance in which a 
mistake of judgment has been made, par- 
ticularly in multiparas, and the saddle block 
is given too early, we simply allow the pa- 
tient to recover from the anesthesia and her 
contractions to resume, in which case the 
perineal effect of the saddle block lasts for 
a greater period of time and is usually ade- 
quate for the episiotomy repair. 


RESULTS 


In 169 breech deliveries under saddle 
block anesthesia the sampling groups, ac- 
cording to birth weights, may be seen in 
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Fic. 1. Types of anesthesia and deaths in relation to 
birth weight groups. 


Figure 1 to compare favorably with the same 
groups under other types of anesthesia. It 
was not the House Staff’s intention to de- 
liver any of the patients under trimar or local 
anesthesia, or without any anesthesia, but 
these patients are a special group with 
whom one has to contend in any large 
charity hospital. They are patients in whom 
proper timing of the saddle block could not 
be anticipated, imminent delivery making 
it necessary to use some other type of anes- 
thesia, or no anesthesia at all. Saddle block 
anesthesia in our hands has given a much 
more significant relief of pain during de- 
livery, as well as more control over the de- 
livery itself, than have trimar, pudendal, 
or local perineal anesthesia. 

In both groups (those with saddle block 
and those receiving various other types of 
anesthesia) 35 per cent of the infants were 
either one or both of a twin delivery. In- 
fants delivered as breech, after version and 
extraction, were not considered in this series. 
In twins, under saddle block anesthesia, 
when the second twin presented as a breech, 
membranes were ruptured and the delivery 
carried out as an assisted breech extraction. 
It is of interest to note that of the 5 stillborn 
infants in the term saddle block group, not 
one of these was an intrapartum death, all 
being antepartum. 

Figures 2 and 3 represent: (1) the per- 
centage of perinatal mortality, that is, in- 
cluding all deaths of infants weighing 1,000 
grams and over; and, (2) for comparison, 
the neonatal mortality in infants of 1,000 
grams and over, which we believe is a more 
accurate representation of deaths caused by 
anesthetic agents. 
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Fic. 2. Per cent perinatal mortality in breech deliveries 
from July 1, 1952 through April 30, 1956 by birth weight 
and according to types of delivery anesthesia. 
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Perinatal mortality (Fig. 2). These data 
cover that period from July 1, 1952 to May 
1, 1956 and represent a total of 486 infants 
delivered by breech extraction. The anes- 
thesia was divided into three groups: (1) sad- 
dle block, (2) general anesthesia, and (3) all 
anesthetics including general, but excluding 
saddle block. 

Group I (2,500 gm. and over).—There 
were 101 births under saddle block and 6 
deaths (none intrapartum), a 6 per cent 
mortality. Under general anesthesia there 
were 90 deliveries and 6 deaths, or a 5.5 
per cent mortality. In the “‘all anesthetics” 
group there were 177 deliveries with 14 
deaths, a mortality of 8 per cent. 

Group II (2,000 to 2,500 gm.).—Under 
saddle block there were 2 deaths in 30 de- 
liveries, or a mortality of 6.7 per cent; under 
general anesthesia there were 4 deaths in 21 
deliveries, or a mortality of 20 per cent; and 


in the “all anesthetics” group, there were. 


50 deliveries and 11 deaths, a mortality of 
22 per cent. 

Group III (1,500 to 2,000 gm.).—There 
were 21 infants under saddle block anes- 
thesia, with 4 deaths (none intrapartum), 
or a mortality of 20 per cent; 16 infants 
were delivered under general anesthesia, 
with 4 deaths, or a mortality of 25 per cent; 
and in the “all anesthetics” group there were 
29 infants with 6 deaths, a mortality of 21 
per cent. 

Group IV (1,000 to 1,500 gm.).—There 
were 17 infants delivered under saddle block, 
with 10 deaths (none intrapartum), which 
represents a 60 per cent mortality. Under 





general anesthesia there were 14 infants and 
9 deaths, making a 64 per cent mortality, 
and in “‘all anesthetics” there were 61 in- 
fants, with 31 deaths, or a mortality of 51 
per cent. 

Neonatal mortality (excluding intrapartum 
and antepartum deaths) (Fig. 3). Group I 
(2,500 gm. and over).—There was 1 death 
under saddle block anesthesia in this group 
of 96 deliveries, or a mortality of 1 per cent. 
Under general anesthesia there were 2 
deaths in 87 infants, or a mortality of 2 per 
cent; and in the “all anesthetics” group 
there were 6 deaths in 169 infants, or a 
mortality of 3.5 per cent. 

Group II (2,000 to 2,500 gm.).—In the 
saddle block group there were 29 infants 
with 1 death, or a mortality of 3 per cent. 
Under general anesthesia there were 4 
deaths in 21 infants, or a mortality of 20 
per cent; and in the “‘all anesthetics” group 
there were 9 deaths in 49 infants, or a 19 
per cent mortality. 

Group III (1,500 to 2,000 gm.).—Under 
saddle block there was a 15 per cent mor- 
tality with 3 deaths in 20 infants; under 
general there was a 25 per cent mortality 
with 4 deaths in 16 infants; and in “all 
anesthetics” there was a 15 per cent mor- 
tality with 4 deaths in 27 infants. 

Group IV (1,000 to 1,500 gm.).—In the 
saddle block group there were 16 infants 
and 9 deaths, or a 56 per cent mortality; 
in the general group there were 13 infants 
with 8 deaths, or a 60 per cent mortality, 
and in the “all anesthetics” group there 
were 57 infants, with 28 deaths, or 50 per 
cent mortality. 

Résumé of deaths of infants born of those pa- 
tients receiving saddle block anesthesia (excluding 
those infants weighing 1,500 gm. and less). 
Group I (2,500 gm. and over).—In this 
group, 5 of the 6 deaths were of stillborn 
infants, fetal heart tones having ceased prior 
to administration of saddle block. None of 
the 5 was a difficult assisted breech extrac- 
tion, and we believe that anesthesia con- 
tributed in no way to the fetal death which 
occurred before anesthesia was given. The 
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sixth death in this group related to the in- 
fant of a 22 year old, white, unregistered, 
gravida 2 para 1, at term, who was admitted 
in active labor with approximately 8 centi- 
meters of cervical dilatation. She achieved 
complete dilatation in 1 hour and 45 min- 
utes following admission. On admission her 
membranes had ruptured spontaneously. 
Fetal heart tones were heard and were of 
good quality. Her blood pressure was 
166/108, temperature 99.6, and there was a 
trace of albumin in her urine. No edema 
was present. Her analgesia consisted of 100 
milligrams of demerol and 0.4 milligram of 
scopolamine. Saddle block anesthesia was 
given at full dilatation and +2 station, and 
her blood pressure dropped to 130/95. An 
uncomplicated, assisted breech delivery was 
performed, using Piper forceps to the after- 
coming head, over a right mediolateral 
episiotomy. At birth the infant was in poor 
condition and required intratracheal aspira- 
tion and resuscitation. The infant lived for 
30 hours. Autopsy revealed deep anoxia, 
and aspiration of meconium into the respira- 
tory tract. The time between the saddle 
block anesthesia being administered and the 
delivery of the infant was 40 minutes, which 
time also represented the duration of her 
second stage of labor. During her post- 
partum course the patient’s blood pressure 
remained at normotensive levels without 
treatment. This infant presented as a double- 
footling breech and one wonders whether or 
not unrecognized cord compression may 
have been present. We do not believe that 
the anesthesia contributed to the infant’s 
death, since delivery was neither difficult nor 
delayed. The postmortem diagnosis agreed 
with the clinical impression, namely, death 
due to acute anoxia, and aspiration of 
meconium into the respiratory tract. 
Group II (2,000 to 2,500 gm.).—Only 2 
deaths occurred in this group, one a still- 
born infant, no fetal heart tones having been 
heard during the latter part of her labor 
prior to the administration of her anesthesia. 
In the second case, a 21 year old, colored, 
gravida 3 para 2, with twins was admitted 
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Fic. 3. Per cent neonatal mortality in breech deliveries 
from July 1, 1952 through April 30, 1956 by birth weight 
and according to types of delivery anesthesia. 


early in labor at 36 weeks’ gestation. The 
patient received minimal analgesic dosages 
because of the anticipated small size of her 
infants. After an 8 hour first stage of labor, 
twin “A” presented as a complete breech 
at the introitus. Saddle block anesthesia was 
given and the patient was immediately put 
up for delivery. Vaginal examination re- 
vealed an occult prolapse of the cord with 
very faint pulsations. An immediate, as- 
sisted breech extraction was done with Piper 
forceps to the aftercoming head, but it was 
apparently too late, as the infant was limp 
at delivery and the heart beat was very slow 
and irregular. Approximately 15 cubic centi- 
meters of amniotic fluid were aspirated from 
the trachea, an airway was established, and 
100 per cent oxygen was given. There was 
no improvement, however, and the infant 
died soon after delivery. 

Group III (1,500 to 2,000 gm.).—There 
were 4 deaths in this group, the first being 
a stillborn infant, the fetal heart tones hav- 
ing ceased prior to the administration of 
anesthesia. 

In the second case, a 33 year old, white, 
gravida 3 para 2 was admitted in premature 
labor. She also had an acute pyelonephritis 
with a temperature of 101.4 degrees and 
urine loaded with pus cells. Catheterized 
urine was obtained for culture and sensi- 
tivity, and the patient was meanwhile placed 
on gantrisin. She had an uneventful 7 hour 
labor and delivery over a right mediolateral 
episiotomy. The infant was in good condition 
at the time of delivery and cried spon- 
taneously but died 9 hours after delivery. 
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Autopsy revealed what the Pediatric De- 
partment had suspected—reabsorption ate- 
lectasis with hyaline membrane disease. 

In the third case, a 33 year old, colored, 
gravida 5 para 4, unregistered patient was 
admitted in premature labor. Her blood 
pressure was 120/80, temperature 98.6, se- 
rology negative, Rh positive. After 5 hours 
of labor a normal premature infant was de- 
livered as an assisted breech extraction over 
a right mediolateral episiotomy. The infant 
cried spontaneously and did well until it 
died suddenly 1114 hours following de- 
livery. Autopsy revealed petechial hemor- 
rhages throughout heart and lungs. 

In the fourth case, a 36 year old, colored, 
unregistered, gravida 8 para 6 was admitted 
in premature labor. After 3 hour labor she 
delivered twins (twin “‘B” being a breech) 
without difficulty, under saddle block anes- 
thesia. The membranes were ruptured at 
the time of delivery and the amniotic fluid 
was very cloudy, with a slightly green tinge. 
The infant was in poor condition at birth 
and required intratracheal aspiration. It 
lived 41 hours and the pathologic findings 
were focal hemorrhages of the epicardium 
and lungs. 


SUMMARY AND CONCLUSIONS 


1. Although our series is not large, we be- 
lieve that saddle block anesthesia is a safe 
and effective anesthetic in breech delivery. 
Its safety concerns both mother and infant. 
It offers a more complete type of relief to 
the mother, and the infant rarely requires 
resuscitation, which is so often necessary 
when general anesthesia is used. 





2. No maternal complication in this series 
is attributable to the use of saddle block 
anesthesia. 

3. Saddle block anesthesia could not, in 
our opinion, be held responsible for any in- 
fant deaths which occurred in this study. 

4. Saddle block should be used only in 
conjunction with assisted breech delivery 
(partial breech extraction): which in our ex- 
perience is the safest method of breech 
delivery, regardless of the anesthesia used. 

5. When deep ether is required for com- 
plete breech extraction it is not contra- 
indicated as an addition to any previous 
saddle block anesthesia that may have been 
given, as a smaller amount of ether may be 
used and the anesthesia discontinued im- 
mediately after delivery since the saddle 
block will be adequate for episiotomy repair. 

6. In infants weighing over 2,000 grams 
the highest salvage rate was obtained under 
saddle block anesthesia. 

7. It is realized that there are other safe 
methods of obstetric anesthesia in breech 
delivery, for example, a combination of 
pudendal block and cyclopropane, but we 
believe that saddle block anesthesia is cer- 
tainly equal to any known type of anesthesia 
for assisted breech delivery and, for this 
reason, does not deserve the condemnation 
it has received. 
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EDITORIALS 





CARCINOMA AND ARTERIAL DISEASE 


LLOYD M. NYHUS, M.D., Seattle, Washington 


THE RELATIONSHIP between carcinoma and 
an increased incidence in venous thrombosis 
has been well documented. This phenom- 
enon has been particularly apparent as it 
relates to carcinoma of the pancreas. How- 
ever, there has been little or no comment 
made concerning the possible association be- 
tween the simultaneous presence of carci- 
noma and symptoms of arterial insufficiency 
of the lower extremity. 

At a recent local clinical meeting, a case 
in point was presented. Briefly, the patient 
was a 63 year old white male complaining of 
pain in the right small toe of 5 weeks’ dura- 
tion. The patient’s left leg had been ampu- 
tated about 15 months previously because of 
advanced arteriosclerotic symptoms. The 
pain gradually had increased and involved 
the third and fourth toes as well. An aorto- 
gram revealed a block of the right common 
iliac artery. An endarterectomy was per- 
formed. The clinical result of this procedure 
was excellent. Five months later, the patient 
returned because of pain in the left shoulder 
and a cough of 3 weeks’ duration. X-ray 
examination of the chest revealed a rounded 
homogeneous mass in the right lung. Review 
of previous films of the chest taken 6 months 
and 2 years before showed the same, but 
somewhat smaller mass. The patient was 
given palliative radiation treatment for the 
lung carcinoma and he died about 8 months 
later. In the discussion which followed this 
case presentation, the panel did not mention 
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any possibility of correlation between the two 
disease entities. 

A personal experience has led me to be- 
lieve that such an association should be 
considered in each and every patient seen 
for symptoms of arterial insufficiency. A 77 
year old white male was admitted to the hos- 
pital complaining of a severe burning inter- 
mittent claudication of the right leg of about 
6 months’ duration. A lumbar aortogram 
revealed a complete block at the bifurcation 
of the right common iliac artery. An endar- 
terectomy was performed. Within 1 month 
following surgery, the patient complained of 
dysphagia. A diagnosis of carcinoma of the 
esophagus was confirmed. X-ray therapy was 
instituted, but the patient died of the latter 
disease 8 months after the vascular surgery. 

During a recent visit to St. Bartholomew’s 
Hospital in London, I was fortunate to make 
ward rounds with Sir James Paterson Ross 
and Dr. Fiorindo A. Simeone of Cleveland. 
At that time, this facet of peripheral vascular 
disease was discussed. Similar personal expe- 
riences were voiced at that time, representing 
three geographically widely separated areas. 
There is definite support, then, for a higher 
than generally suspected incidence of patients 
with signs and symptoms of arterial insuffi- 
ciency who shortly manifest the clinical pic- 
ture of a previously dormant but highly ma- 
lignant carcinoma. 

The sequence of events which leads to the 
possible association of these two disease proc- 
esses is not well understood. Secondary en- 
zymatic or protein changes in the blood in 








cases of carcinoma may lead to an alteration 
in blood clotting as a possible causative 
mechanism. Carcinoma of the esophagus, 
stomach, and colon are known to be present 
in a silent manner for long periods, the pa- 
tient finally presenting himself with severe 
anemia. It would seem highly probable that 
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in the elderly patients with borderline lower 
extremity circulation, tissue ischemia, mani- 
fested as intermittent claudication, may be 
the first symptom or sign to become apparent 
in the progression of the carcinoma process. 
We must ever be on the alert for this con- 
tingency. 


PERFORATION OF THE GALLBLADDER 


WALTER F. BECKER, M.D., F.A.C.S., New Orleans, Louisiana 


THE QUESTION of early versus delayed oper- 
ation for acute cholecystitis would be a less 
controversial one if there were more general 
agreement concerning the frequency with 
which the acutely inflamed gallbladder per- 
forates. Some surgeons believe that this is a 
common and serious complication. Others 
contend that it is a relative rarity, and that 
even when it does occur it is unlikely to 
prove dangerous because the inflammatory 
process usually in confined to the subhepatic 
space by adherent omentum, transverse 
colon, and other contiguous structures. 

A recent review of an 18 year experience 
with acute cholecystitis at the Charity Hos- 
pital in New Orleans indicated that rupture 
of the gallbladder was found at operation or 
autopsy in 72 of the 1,060 patients. Of 679 
patients operated upon, 9.3 per cent had a 
perforation of the gallbladder. This figure 
is a conservative one because it includes only 
those cases in which the operative note spe- 
cifically described the presence of a gross 
defect in the gallbladder wall. Perforation 
into the free peritoneal cavity with general- 
ized bile peritonitis was encountered in 21 
(3 per cent) of the surgical cases, and one- 
third of these patients died. The perforation 


was localized to the pericholecystic area in 
30 cases (4.4 per cent), and the mortality in 
this group was 16 per cent. Perforation into 
an adjacent viscus occurred 14 times (2.1 
per cent), and was attended by a mortality 
of 21 per cent. Among the patients sub- 
mitted to operation the mortality rate was 3 
times as high in the group with perforation 
of the gallbladder as it was in the group in 
which the gallbladder wall appeared to be 
intact. 

One can only speculate concerning the 
frequency with which rupture of the gall- 
bladder occurred among the patients who 
were not operated upon. It is of interest that 
postmortem examination was performed in 
14 of the 21 conservatively treated patients 
who died, and 6 of them were found to have 
free perforation of the gallbladder with gen- 
eralized bile peritonitis. 

There were 68 deaths among the 1,060 
patients comprising this Charity Hospital 
series, and gross perforation of the gallblad- 
der was demonstrated at operation or autop- 
sy in one-third of these fatal cases. 

It is suggested that, at least in this insti- 
tution, perforation of the gallbladder is an 
importantcomplicationofacutecholecystitis. 
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AN INCISION FOR ‘THE REMOVAL OF STONES 
IMPACTED IN THE LOWER URETER 


AARON HARDY ULM, M.D., New York, New York 


THE HUMAN URETER, being 10 inches in length, 
requires an assortment of incisions for surgical 
exposure. To the surgeon, no portion is less ac- 
cessible than that next the bladder. That some 
surgeons choose to approach this portion through 
a midline suprapubic incision while others, con- 
fronted with the same problem, prefer an oblique 
groin incision suggests that an ideal approach to 
the deep pelvic portion of the ureter has yet to 
be described. Our experiences with an alternative 
route are described in the present article. 

In using the Cherney incision to perform vari- 
ous intrapelvic operations, it became apparent 
that a unilateral Cherney incision would afford 
excellent exposure of the lower ureter. Then, 
while employing the “‘half-Cherney” for this 
purpose, it became further apparent that fair 
exposure of the lower ureter could be obtained 
without dividing the insertion or any portion of 
the rectus muscle. Further slight refinements are 
responsible for the incision which is here de- 
scribed. 

Operating experience has made manifest that 
this new incision has sharply restricted applica- 
tion. It is best chosen for the removal of impacted 
stones in the lower fifth (that is, the distal 2 
inches) of the ureter. It may also be used prefer- 
entially for the division of the terminal ureter 
when the total operation planned is nephro- 
ureterectomy. This incision should not be used 
for: (1) any plastic procedure on the ureter, 
(2) vesical reimplantation of the ureter, or (3) 
removal of a ureteral remnant as a secondary 
operation. I have performed all of these pro- 
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cedures through this incision, and am convinced 
that wider exposure for such operations must be 
attained. Primarily then, and almost exclusively, 
this is an abdominal extraperitoneal incision for 
the removal of impacted stones from the lower- 
most ureter. However, since this is by far the 
commonest operation performed on the terminal 
ureter, it is believed that a technique which has 
been found narrowly useful may be of value to 
other surgeons. 





Fic. 1. Roentgenogram of abdomen showing ureteral 
calculus in the ideal position for the incision described. 











Fic. 2. Illustration showing the skin incision. 


As a prelude to operation, the bladder is 
distended, via an inlying Foley balloon catheter, 
with 6 to 10 ounces of sterile water. After the 
bladder wall is visualized, the distending fluid is 
drained by an operating room assistant. Failure 
to empty the bladder at this stage of the pro- 
cedure will greatly hamper deep visibility. 

The skin incision (Fig. 2) is made horizontally 
1 centimeter above the pubis, beginning just 
beyond the midline and extending laterally for 
from 7 to 8 centimeters. An incision in the same 
direction and of the same length is made through 
the anterior sheath of the rectus muscle and 
continued laterally to divide the contiguous por- 
tion of the aponeurosis of the external oblique 





inferior epigastric 
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Fic. 3. Transverse incision in rectus sheath showing 
pyramidalis and rectus muscles, inferior epigastric vessels, 
and the transversalis fascia. 
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muscle and the underlying parallel muscle fibers 
of the internal oblique and transversus abdominis, 
which, in this region of the abdomen, pass an- 
teriorly to the rectus muscle (Fig. 3). 

The transversalis fascia, adjacent to the lateral 
edge of the rectus muscle, is then punctured with 
the point of the dissecting scissors. The fascial 
rent is enlarged by lateral spreading, the limit of 
extension being the inferior epigastric vessels, 
which do not require division but which may be 
sacrificed without harm. With the rectus muscle 
retracted upward and medially, the fat which 
fills the space lateral to the bladder is easily 
parted from the external iliac vessels and the 
superior pubic ramus, thus exposing the lateral 
bladder wall (Fig. 4), and, in the depths, the 
periureteral fat. Any retractors placed laterally 
in the wound must be handled with care and 
gentleness, for the external iliac vessels will be 
compressed against the bony pelvis, and the risk 
of injury is ever-present. 

If a stone is present in the ureter, the palpating 
finger-tip will handily find the ureter in the 
depths of the incision. When the ureter can be 
thus identified by touch, further dissection is 
neither beneficial nor needed. If the area of the 
impacted stone cannot be identified tactilely, 
delicate dissection of the fat surrounding the 
terminal ureter adjacent to the bladder will un- 
cover the characteristic ureteral serosa, along 
which dissection may be continued to the site of 
the calculus. 

The stone-containing ureteral segment (Fig. 5) 
is isolated between thumb and forefinger (or be- 
tween forefinger and the bony pelvis). A longi- 
tudinal incision is made in the overlying ureteral 





Fic. 4. The rectus muscle is retracted upward and 
medially to expose the bladder wall and fat overlying 
the ureter. 
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wall (insert, Fig. 5). The stone is delivered or 
extracted with gentle pressure and a suitable 
Randall forceps. All this is advisedly done with- 
out dissection of the ureteral circumference. Ap- 
plication of forceps of any kind to the ureter for 
fixation is unnecessary, and sometimes harmful. 

Retractors are placed as needed; usually, a 
narrow Deaver is ideal for medial retraction of 
rectus muscle and bladder wall (Fig. 4). Richard- 
son retractors of appropriate sizes are used 
superiorly and laterally as required. In every 
operation visual incision of the ureter has been 
achieved, and nothing less should satisfy the care- 
ful surgeon. At the site of an impacted stone the 
ureter tears easily and inadvertent disruption of 
ureteral continuity is not unknown. 

The ureteral incision is not closed by suture. 
Good drainage of the impacted site is fostered by 
an open ureteral wound, which perhaps heals 
better and with less scar than when sutures are 
used. If there is troublesome postoperative 
urinary Jeakage from the wound (a complication 
which is not uncommon whenever ureteral stone 
is removed by open operation fhrough any in- 
cision), an inlying ureteral catheter, No. 5 or 6 
French caliber, inserted via the cystoscope, 
should afford immediate cessation. 

After the stone is removed, a narrow Penrose 
drainis placed to the ureteral incision and brought 
out the lateral angle of the abdominal wound. 
The retractors are removed, permitting the 
bladder and the rectus muscle to fall back into 
anatomic relationship (Fig. 6). Interrupted su- 
tures of No. 000 chromic catgut are taken to ap- 
proximate the severed edges of the rectus sheath 
(Fig. 7). The skin incision is closed with inter- 
rupted Stewart sutures of No. 000 black silk. The 
drain is sutured with No. 000 silk to the skin 
edge, and a small safety pin is inserted in the 
external portion of the drain for the usual reasons. 
The skin sutures and the Penrose drain are re- 
moved on the seventh postoperative day. No at- 
tempt has been made to close the divided edges 





Fic. 6. Drain in position after removal of calculus. 
Note anatomic repositioning of the muscles. 
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Fic. 5. The external iliac vessels are exposed by dis- 
section of the overlying fat. Inset shows incision in 
ureteral wall. 


of the transversalis fascia, for it has been thought 
that proper wound drainage required that this 
layer be left open. No instance of dehiscence or 
hernia has followed this technique. 

When nephroureterectomy is planned, this in- 
cision may be used to approach the terminal 
ureter, either before or after the renal portion of 
the operation has been completed. It is my 
preference to divide the terminal ureter initially, 
since such staging better permits radical trans- 
peritoneal nephrectomy (removal of all peri- 
nephric fat, Gerota’s capsule, and lymphatic 
tissue en bloc with the affected kidney). However, 
a lumbar approach may be combined with the 
described incision to accomplish a routine simple 
nephroureterectomy. When the latter combina- 
tion is chosen, the lumbar incision and division 
of the renal vessels should ordinarily precede di- 
vision of the terminal ureter. 

Most genitourinary surgeons excise a portion 
of the trigone when ureterectomy is performed 
for transitional cell carcinoma of pelvis or ureter. 





Fic. 7. Illustration showing the closure of the rectus 
sheath. 
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When this is intended the ureter should, ofcourse, 
be mobilized circumferentially, traction being 
applied to the ureter to tent the bladder in which 
a purse-string suture is then inserted. As the 
ureteral traction is continued, a cuff of bladder is 
circumcised. The purse-string suture is drawn 
snugly, and a few inverting vertical mattress 
sutures are placed to reinforce the closure. 


SUMMARY AND CONCLUSIONS 


An incision is described for a single surgical 
procedure, namely, the removal of stones from 
the lower fifth of the ureter. The essential steps 
are: transverse lateral suprapubic incision, re- 
traction of the rectus muscle medially, incision of 
the transversalis fascia, and localization of the 


ureter in the lateral paravesical space. This in- 
cision provides: simplicity of technique, avoid- 
ance of muscle and nerve transection, satisfactory 
exposure for a single surgical purpose, pathway 
for direct adequate drainage, and solid rapid 
wound healing with slight scarring. 

Narrow indications are recommended, and the 
incision is not advised for more extensive pro- 
cedures. 

The incision has been used in 4 total nephro- 
ureterectomies, 6 ureterolithotomies, 1 excision 
of a ureteral remnant, and 1 reimplantation of a 
ureter damaged in hysterectomy. 

There have been no deaths, fistulas, nor 
hernias, and all wounds have healed promptly 
and securely. 
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RIGHT THORACOABDOMINAL APPROACH TO 


ESOPHAGEAL RESECTION 


G. H. LAWRENCE, M.D., F.A.C.S., Seattle, Washington 


THE ANATOMIC EASE with which the esophagus is 
approached through the right chest in lesions in- 
volving its middle third has provided a stimulus 
for varied combinations of thoracic and ab- 
dominal incisions, the latter being required to 
mobilize a portion of the gastrointestinal tract 
for esophageal replacement. Early reports fa- 
vored staging the right sided approach, yet even 
as a one stage procedure, the disadvantage of 
time-consuming, separate abdominal and tho- 
racic incisions detract from the desirability of a 
right sided thoracic approach. Unless the policy 
is adopted that all malignant esophageal lesions 


From the Department of Surgery, The Mason Clinic, Seattle 
Washington. 


Fic. 1. a, Preoperative esophagram showing stricture 
of the esophagus caused by lye. b, Postoperative film 
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should be resected or by-passed, dilemma arises 
as to whether the chest or the abdomen should 
be explored first, as either may contain metastatic 
or nonresectable malignant lesions. Synchronous 
exploration by 2 surgical teams tends to decrease 
the operating time but is associated with a com- 
promise of operating facility with crowding of 
personnel. The right thoracoabdominal ap- 
proach obviates many of these disadvantages 
while providing an anatomically direct approach 
to the midesophagus. Mobilization of the aortic 
arch is unnecessary. Direct visualization of the 
bronchial and vascular components of the right 
hilus enables a safe dissection of the lesion from 
these structures, particularly the right inferior 





b 


showing stomach anastomosed to esophagus at level of 
first rib by use of a right thoracoabdominal approach. 
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Fic. 2. 





Fic. 3. 


pulmonary vein. The level of esophageal transec- 
tion is not compromised by the aortic arch, nor 
is its mobilization necessary. 

As the stomach has usually been used to re- 
establish alimentary continuity, experience with 
this exposure has demonstrated the ease with 


Fic. 4. 


Fic. 2. A right sided anterolateral incision is carried 
from the posterior axillary line to the left paraum- 
bilical area. The seventh rib is resected subperiosteally 
as are posterior portions of adjacent ribs when necessary. 
The costal margin is divided. The inset shows positioning 
of the patient upon the operating table. 

Fic. 3. The esophagus is mobilized after division of the 
azygos vein. 

Fic. 4. The diaphragmatic incision is placed lateral to 
the inferior vena cava as pictured more clearly in the in- 
set. The inferior pulmonary vein is pictured semidiagram- 
matically to show its close relationship to the esophagus. 


which this procedure is carried out. A more 
vertical extension of the abdominal component 
has permitted mobilization of the right colon for 
esophageal substitution in 1 case in our experi- 
ence. Postoperative ileus following gastric mobili- 
zation is reduced as extensive handling and pack- 
ing of the abdominal viscera are unnecessary. 
Redraping and repositioning of the patient are 
avoided with resultant saving of time in an 
otherwise lengthy procedure. 

The right thoracoabdominal approach has 
been favored by several groups. The technical 
aspects of this approach to lesions of the middle 
and upper thirds of the esophagus, either benign 
or malignant, are discussed in this report. Two 
of the resections were performed for corrosive 
strictures of the esophagus (Fig. 1), the remainder 
for carcinoma. 
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Fic. 5. The stomach is mobilized following resection of 
the triangular ligament of the liver which is then re- 
tracted toward the thorax through the diaphragmatic 
incision. The cardioesophageal junction is closed as 
depicted in the insets. 

Fic. 6. The stomach is brought through the esophageal 
hiatus and a 3 layer esophagogastric anastomosis is per- 
formed on the anterior portion of the cardia. Insets A 
and B, Preparation of the stomach for esophagogastros- 
tomy by removal of a serosal button. Inset C, Suture fixa- 
tion of the stomach at the hiatus following closure of the 
diaphragm. 


TECHNICAL CONSIDERATIONS 


In preoperative evaluation, the local esopha- 
geal disease is visualized and biopsied endoscop- 
ically. Bronchoscopic evaluation of tracheal and 
bronchial involvement, as well as of vocal cord 
motion, should be obtained. Realizing that re- 
section offers the best palliation in lesions of the 
thoracic portion of the esophagus, we have 
tended to explore even those lesions which give 
clinical evidence of local extension and in 1 in- 
stance have merely by-passed the local lesion. 

The patient is positioned on the operating 
table at an angle of 30 degrees by placing sand 
bags beneath the shoulder and pelvic girdle. It is 
important to prepare the skin and to drape the 
patient so that the entire length of the thoraco- 
abdominal incision will be available without 
further effort. An anterolateral thoracic incision 





Fic. 6. 


is made over the seventh rib from the posterior 
axillary line to the costal margin (Fig. 2). Sub- 
periosteal excision of the seventh rib provides 
excellent exposure for evaluation of the resect- 
ability of the esophageal lesion. Should it be 
technically helpful, resection of posterior seg- 
ments of adjacent ribs will give added exposure, 
particularly for the performance of an anasto- 
mosis high on the esophagus (Fig. 2). 

With the lung retracted anteriorly, the over- 
lying azygos vein is divided and the esophagus 
mobilized with particular attention given to the 
contiguous right pulmonary vessels. This mobili- 
zation requires division of the inferior pulmo- 
nary ligament in order to obtain adequate ex- 
posure of the distal esophagus and esophageal 
hiatus. 

Once the esophagus is mobilized (Fig. 3) and 
resectability determined, attention is then turned 
to mobilization of the stomach. An oblique epi- 
gastric incision in the abdominal wall permits 
excellent exposure for this purpose. The costal 
margin is divided in the line of incision which is 
then carried across both rectus abdominis mus- 
cles. In order to obtain better exposure in the 
area of the esophageal hiatus, it is necessary to 
divide the diaphragm at its anterior border in a 
line directed posteriorly and lateral to the inferior 
vena cava (Fig. 4). The length of this incision de- 
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pends upon the amount of exposure necessary. 
Division of the triangular ligament of the liver 
permits retraction of its left lobe when dissection 
near the cardioesophageal junction is performed 
(Fig. 5). 

The stomach is mobilized in the conventional 
manner with preservation of the gastroepiploic 
vessels and the right gastric artery to insure an 
adequate blood supply to the stomach. Splenec- 
tomy has been avoided in upper esophageal 
lesions whenever possible and is usually tech- 
nically unnecessary with the excellent exposure 
obtained. Pyloroplasty and pyloromyotomy have 
been reserved for those cases in which there 
seemed to be palpable evidence of obstruction in 
the pylorus. The esophagus is divided, and the 
distal end of the stomach is turned in by using 
No. 00 catgut sutures for the deeper 2 layers and 
No. 4-0 silk for the superficial layer (Fig. 5). While 
Hollingsworth cautions against the use of the 
esophageal hiatus for passage of the stomach into 
the chest, manual dilatation of the hiatus has 
proved a readily accessible and nonobstructing 
route for the stomach. With completion of the ab- 
dominal phase the rib spreader is reinserted 
more posteriorly, and an esophagogastric anas- 
tomosis is performed. Convinced of the safety of 
the 3 layer silk anastomosis as advocated by 
Sweet, I have been using this method exclu- 
sively. After preliminary fixation of the stomach 
in the chest with silk sutures, a round button of 
gastric serosa is removed from the area to be 
anastomosed. A posterior row of No. 4-0 silk is 
then placed at a distance of about 0.5 centi- 
meter from this point (Fig. 6). The second layer 
incorporates only the muscularis of both organs. 
The third or mucosal layer approximates mucosa 
only with all the knots tied so that they lie within 
the anastomotic lumen. A previously inserted 
Levin tube is passed through the anastomosis 
prior to its completion for postoperative decom- 
pression. 

With completion of the anastomosis, the dia- 
phragm is closed in 2 layers with No. 00 silk, and 
the stomach is sutured to the diaphragm at the 
hiatus with serosal stitches of No. 000 silk. It is 
important to suture the severed costal margin 
with No. 26 gauge wire in order to avoid its sub- 
luxation as occurred in 1 case in which silk alone 
was used. This was of cosmetic significance only. 


The chest and abdominal incisions are closed in 
the usual manner after a lateral chest tube has 
been placed in the ninth interspace for water 
sealed drainage. The entire procedure has 
averaged 314 hours in the usual case, and the pa- 
tient has adequate intestinal function to start 
oral intake by the third or fourth day. 


RESULTS 


In the past 4 years, 13 patients have been 
operated on by using this method with technical 
satisfaction. There have been 2 postoperative 
deaths from coronary occlusion proved at 
autopsy. There were no anastomotic leaks. One 
patient suffered a transient brachial plexus 
palsy from hyperabduction of the right arm. 
There has been no wound infection, but 1 pa- 
tient, previously mentioned, suffered a subluxa- 
tion of the costal margin. No patients have re- 
quired secondary pyloric drainage despite its 
infrequent use at the initial procedure. Watson 
and associates report a mortality rate of 24.4 per 
cent using the right sided thoracoabdominal ap- 
proach for performing esophageal resection in 
45 cases. 


CONCLUSION 


The right sided thoracoabdominal approach 
to resection of the middle and upper thirds of 
the esophagus provides an expeditious, tech- 
nically practical technique. Time is saved be- 
cause repositioning and redraping of the patient 
are unnecessary. Thoracoabdominal exposure 
avoids excessive manipulation of the abdominal 
contents. The right sided approach readily ex- 
poses the esophagusand itsrelationships. Anatom- 
ic limitations imposed by the relationship of the 
liver and inferior vena cava to the right dia- 
phragm are not actually significant, for this ap- 
proach is not selected for lesions located near the 
cardioesophageal junction. 
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A NEW TECHNIQUE FOR BLADDER RECONSTRUCTION 


WILLIAM C. SHOEMAKER, M.D., Boston, Massachusetts, and 
ROBERT BOWER, M.D., and DAVID M. LONG, JR., M.D., Philadelphia, Pennsylvania 


THE NEED FOR A URINARY BLADDER SUBSTITUTE 
which satisfies the rigid criteria for satisfactory 
physiologic performance is self evident. Efforts 
in the past have been directed toward methods 
of diverting the urine to the exterior by by-pass- 
ing the bladder. More recently, interest has 
centered around methods of developing bladder 
substitutes. 

The earliest recorded instances of urinary di- 
version date from the writings of Hippocrates 
who noted the accidental occurrence of urinary 
fistulas after nephrolithotomy. John Simon made 
the first deliberate attempt to divert the urinary 
stream over a hundred years ago. In a patient 
with exstrophy of the bladder he transplanted the 
ureters into the rectum with temporary success. 
The succession of efforts to achieve safe and ef- 
fective urinary diversion in the past century 
have included the following procedures: ne- 
phrostomy, pyelostomy, ureterocutaneous trans- 
plantation, ureterocolpostomy, ureteroureteros- 
tomy, ureterotransverse-colostomy, ureterosig- 
moidostomy and ureteroproctostomy. Many of 
these methods still have their advocates today. 

A second phase in the history of ablative sur- 
gery of the bladder has been the development of 
techniques for bladder substitutes. The numer- 
ous types of proposed artificial bladders have re- 
sulted from combinations of the following fac- 
tors: The ureters have been transplanted into 
isolated segments of intestine, including the 
ileum, ileocecum, cecum, sigmoid, and rectum. 
These intestinal loops have then been anasto- 
mosed to the bladder neck, brought out through 
the abdominal wall or the anal sphincter, with or 
without subsequent colostomy to divert the 
gastrointestinal tract. 

In general, bladder substitutes may be classi- 
fied as follows: (1) intestinal segments which act 
primarily as conduits with no attempt to pro- 
vide reservoir function; (2) intestinal loops 
which are primarily concerned with providing a 
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reservoir for the urine but require intermittent 
catheterization; (3) procedures which use the 
anus and rectal ampulla, or a transposed segment 
of intestine brought through the anal sphincter 
in an effort to provide urinary continence; (4) 
techniques using intestinal loops anastomosed to 
the urethra or bladder neck. 

The difficulties and complications which have 
followed ureteral transplantation or the forma- 
tion of artificial bladders include: wearing of 
collection bags; infection with ascending pye- 
lonephritis; stricture formation; absorption of 
electrolytes, urea, and nitrogenous wastes, pro- 
ducing hyperchloremic acidosis and uremia; 
and secretion of mucus and other irritating sub- 
stances or enzymes by the bladder substitute 
which may prevent permanent bacterial sterili- 
zation. In some instances fewer long term survi- 
vals have been observed after radical surgery for 
bladder carcinoma than after the more conserva- 
tive measures. We believe that although intes- 
tinal segments may have many salutary advan- 
tages in bladder substitution, the inherent func- 
tions of the intestinal mucous membrane pre- 
clude ideal clinical results. 

Our approach has been an attempt to recon- 
struct the bladder in a manner which would 
simulate, as closely as possible, the normal 
anatomy and physiology. To this end we have 
reconstructed the subtotally and totally resected 
bladder in the experimental animal (2, 4). Of 
the 5 types of intestinal grafts studied, the re- 
versed seromuscular ileal graft gave the best re- 
sults under experimental conditions. Within 2 or 
3 weeks the latter graft became lined with strati- 
fied transitional cell epithelium; the two-layered 
muscular architecture of the intestine broke up 
into smaller muscular bundles which gradually 
became interlaced in a plexiform network 
morphologically indistinguishable from the nor- 
mal detrusor muscle (4). Normal function of the 
bladder reconstructed with this graft was demon- 
strated by the observed micturition patterns, 
satisfactory capacity, absence of residual urine, 
cystograms, intravenous pyelograms, retrograde 
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Fic. 1. 








Fic. 2. 


Fic. 1. The abdomen is opened, the bladder exposed, and a segment of ileum with its intact 


mesentery is isolated. 


Fic. 2. The intestinal tract is anastomosed and the mesenteric defect closed. 


urograms, and cystometrograms. Instillation of 
radioactive isotopic ions (Na, I, and PO,) into 
into this type of reconstructed bladder demon- 
strated ion transport patterns comparable to the 
normal, whereas in bladders reconstructed with 
the classically described mucous membrane- 
lined ileal grafts significant absorption occurred 
(2). The innervation of this type of reconstructed 
bladder has been studied and its application to 
the treatment of the neurogenic or denervated 
bladder has been investigated in the experi- 
mental animal (1, 3). 


TECHNIQUE 


The approach is through a conventional mid- 
line or paramedian incision made from a point 
approximately 4 or 5 centimeters above the 
umbilicus to the symphysis. The peritoneum is 
opened, the retropubic space and bladder are 
exposed, and the terminal ileum is brought up 
into the mouth of the wound. A 35 centimeter 
ileal segment whose mesentery is pendulous and 
situated nearest the pelvic organs is selected. 
Preferably, the mesentery should contain a siz- 
able branch or branches of the ileal or ileocolic 
vessels. Both sides of the intestinal segment are 
doubly clamped with intestinal instruments and 


divided (Fig. 1). The mesentery opposite each 
bowel transection is divided posteriorly down to 
its attachment so that the isolated segment now 
hangs freely on a mesenteric pedicle. Care is 
taken to preserve the integrity of the vascular 
and neural connections coursing through the 
pedicle. The continuity of the intestinal tract is 
re-established by means of an end-to-end or side- 
to-side anastomosis and the defect in the mesen- 
tery is closed with interrupted sutures (Fig. 2). 
From this isolated pedicled intestinal segment 
a reversed seromuscular graft is made by first in- 
cising the anterior wall of the intestine about 1 
centimeter from the mesentery (Fig. 3a), and 
then opening it out into a sheet (Fig. 3b). The 
mesenteric attachment lies close to one edge. 
Bleeding points may be controlled with ligatures 
of No. 000 plain catgut and warm moist packs. 
The mucous membrane can be elevated by 
careful dissection between the layers of the in- 
testinal wall; a cleavage plane is found either be- 
tween the mucosa and submucosa or between the 
submucosa and the muscularis. When only the 
mucosa is removed, (the raw submucosa remain- 
ing to face the exterior of the newly reconstructed 
organ), meticulous care must be taken to evert 
the edges of the graft when suturing it to the 
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bladder remnant. If a small tuft of the raw sub- 
mucosa is inverted along with the anastomotic 
border, deeply situated ileal mucosal epithelium 
will overgrow the graft, outstripping the slower 
growing urothelium. Similarly, care must be 
taken to use only a seromuscular stitch on the 
graft, instead of a full thickness stitch, as ileal 
mucosal cells may be drawn through on the 
needle and implanted along the suture line. 
These problems are obviated if the submucosa, 
as well as the mucosa, is removed. Removing all 
the mucosa theoretically may be sufficient, but 
we have found experimentally that the ileal 
epithelium is difficult, if not impossible, to re- 
move completely without also taking the sub- 
mucosa layer. Despite all mechanical efforts to 
irradicate them, some mucosal cells persist 
especially over Peyer’s patches where lymphoid 
infiltration of both layers make separation diffi- 
cult. Therefore, we have found that removing 
both mucosa and submucosa eliminates this 
hazard altogether. The graft is rather thin and 
somewhat friable since strength and substance 
lie in the tough submucosal layer. Initially, we 
were reticent to use such a flimsy graft, but 
biopsy specimens taken a few months postopera- 
tively demonstrated no discernible difference be- 
tween the two types of grafts. 

After the mucosa and submucosa are removed 
leaving only the seromuscular coat and its 
attached mesentery (Fig. 3c), the graft is then 
reversed or turned upon itself so that the smooth 
sterile serosa is then facing uppermost 
(Fig. 3d). 

The long narrow graft is fashioned into a 
hollow spherical viscus by the following series of 
steps: One end of the graft is folded transversely 
onto itself in such a manner that the serosal sur- 
faces face each other (Fig. 4a). These surfaces 
are united with a continuous No. 00 chromic 
catgut suture along a line approximately 1 
centimeter from the mesenteric border. This 
union forms a trough or “‘hod”’ shaped structure 
at one end of the graft (Fig. 4a). A similar serosa- 
lined hod is fashioned at the opposite end of the 
graft (Fig. 4b). Thus the mesentery, which is 
attached to one edge of the graft, is excluded. 
Sutures are taken parallel to the blood vessels 
(i.e., transverse to the long axis of the bowel) to 
preserve the maximal vascularity. 

Attention is now turned to the bladder and a 
total or subtotal cystectomy is performed accord- 
ing to the operative indication (Fig. 4c). This 





Fic. 3. Preparation of the graft. a, The anterior wall 
of the ileal segment is cut along the mesentery (viewed 
from above). b, The ileal segment is opened out into a 
sheet (viewed from above). c, The mucous membrane 
and submucosa are elevated and removed (viewed from 
above). d, The graft is reversed or turned up so that the 
serosal surface faces the operator (viewed from below). 
The suture is started at one side of the graft. 


step may be done by a second surgical team at 
the same time that the graft is prepared in order 
to minimize operative time. If a cystectomy is 
required, the graft is sutured to the urethra or 
bladder neck and the ureters transplanted into 
the graft (cf. ref. 2, pp. 471-472 and Fig. 15). If 
the operator chooses to leave the trigone, as 
depicted in these illustrations, the graft may be 
readily united to it without transplantation of 
the ureters. The graft is brought down into the 
pelvis, and the center of the graft is united to the 
posterior margin of the bladder remnant by 
means of a continuous suture of No. 00 or No. 
000 chromic catgut (Fig. 5a). The serosal sur- 
face now faces inward toward the lumen of the 
reconstructed organ, and the excluded mesentery 
remains attached to one edge of the graft. One 
of the hods is attached to each side of the bladder 
remnant by means of a continuous suture (Fig. 
5b and c). Because of its greater length the border 
of the graft is gathered up or reefed as it is sutured 
to the bladder trigone. 
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Fic. 4. 


Fic. 5. 


Fic. 4. a, The graft is folded transversely and the suture continued adjacent to the mesentery 
(but excluding the mesentery) in order to form a hod-shaped structure at one end. b, A trough or 
hod is similiarly fashioned at the opposite end. c, The bladder is opened and the completed graft 


brought down into the pelvis. 


Fic. 5. a, The center of the graft is sutured to the posterior portion of the bladder remnant. b 
and c, Each side of the graft is sutured to the bladder neck or trigone. 


The pliability and elasticity of the intestinal 
tissue allow the two hods or trough-shaped cor- 
ners to assume the shape of hemispheres, which 
are then united in the midline inferiorly (Fig. 
6a). The same suture is continued around an- 
teriorly (Fig. 6b). A Foley catheter is introduced 
through the urethra. The suture then completes 
the union of the two sides of the graft anteriorly 
(Fig. 6c). After final inspection of the operative 
area, the Foley bag is inflated, a large Penrose 
drain is placed in the retropubic space, and the 
wound is closed in layers with interrupted su- 
tures. 


DISCUSSION 


The reversed seromuscular graft, a viable 
pedicled segment of intestinal tissue, has been 
found to provide a convenient and feasible tool 
for bladder reconstruction. The graft material is 
readily available and easily mobilized; its elas- 


ticity and pliability allow it to be shaped into 
the general configuration of the bladder; the 
graft contains a functioning smooth muscle 
layer; it has intact neural and vascular con- 
nections; the graft allows overgrowth of tran- 
sitional cell epithelium, which prevents resorp- 
tion of electrolytes and nitrogenous materials; 
the graft does not secrete mucus or irritating 
substances. 

Reconstruction of the bladder with reversed 
seromuscular grafts was accomplished in 4 clin- 
ical cases. As yet there has been no mortality: 

The first operation was performed upon a 59 
year old white male with carcinoma of the blad- 
der over 3 years ago. This patient developed the 
only major complication of the series, a supra- 
pubic fistula with antibiotic resistant organism, 
which persisted for several months but gradually 
subsided. The patient is now continent, has a 
normal micturition reflex, a capacity of about 





low 
myt 
She 


eve 


a ce 
weg 
sup 
an 

our 
trac 
pai 
tior 
con 
rec 
ger 
des 
the 
mic 
wit 


allc 
full 
Th 
(6 < 


str 











64 ounces, and absence of significant residual 
urine. 

The second patient was a 63 year old negro 
female who was completely incontinent of urine 
for 22 years and suffered from recurrent bilateral 
nephrolithiasis during the past 5 or 6 years. The 
bladder capacity was 1 ounce. In this instance 
the bladder was not resected but, in an effort to 
increase the capacity, the graft was anastomosed 
to a small incision in the superior aspect of the 
bladder dome. The effort was unrewarding. In 
retrospect, 2 mistakes were made: the nonfunc- 
tioning or paralyzed detrusor muscle should 
have been removed; the opposing sides of the 
graft must be kept separated (as by a Foley cath- 
eter) until they become lined with urothelium, 
since peritoneal surfaces irritated and inflamed 
by urine may become adherent and sealed off. 
We have never seen this result either in animal 
or patient when the bladder was resected down 
to the trigone and the graft applied to a rela- 
tively wide base. 

The third patient, a 914 year old white female, 
had a congenital spina bifida with myelodys- 
plasia, urinary and fecal incontinence from 
birth, and marked paresis of the muscles of the 
lower extremities. An attempt to repair the 
myelodysplasia was made at the age of 3 weeks. 
She had had attacks of acute pyelonephritis 
every few months during the past 3 or 4 years. 
When seen at this hospital she was noted to have 
a constant dribbling of urine and was obliged to 
wear diapers. After manual pressure over the 
suprapubic area she would remain dry for about 
an hour. The capacity of the bladder was 1 
ounce; a cystometrogram showed a small con- 
tracted bladder with no sensation of fullness, 
pain, nor desire to void on forcible overdisten- 
tion. Subtotal resection of the bladder and re- 
construction were carried out. Shortly after 
recovery from anesthesia sensation was noted on 
gentle irrigation of the bladder catheter. It was 
described as a gas pain and was localized below 
the umbilicus and slightly to the right of the 
midline. The bladder was kept decompressed 
with catheter drainage for 3 weeks, following 
which, tidal drainage was used for 4 weeks to 
allow the patient to get used to the sensation of 
fullness and to gain some measure of control. 
The apparatus was set to empty at low pressures 
(6 cm.) and gradually raised as the newly recon- 
structed bladder developed increasing capacity. 
During this time the patient developed an acute 
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Fic. 6. a, The suture is continued so as to unite the 
hods of the graft in the midline posteriorly. b, This su- 
ture is continued anteriorly. c, The reconstruction is com- 
pleted. 


episode of pyelonephritis which responded to 
antibiotics and temporary discontinuance of the 
tidal drainage. Following discharge from the 
hospital she slowly gained voluntary control of 
the micturition over a period of several months. 
As would be anticipated in a child who has never 
had any degree of continence, the learning of 
bladder control was not only slow, but also 
marked by periods of temporary remission. She 
now remains dry for periods up to 444 or 5 
hours during the day and has a capacity of 
approximately 414 ounces. 

The last patient was an asthenic 25 year old 
white female who had had chronic interstitial 
cystitis for 10 years, as well as repeated episodes 
of acute pyelonephritis. A bilateral pelvic neu- 
rectomy was performed elsewhere after repeated 
conservative measures failed to give relief. 
Postoperatively she noted cessation of pain and 
other symptoms, but she was completely incon- 
tinent. Recurrent episodes of pyelonephritis 
(proteus) complicated matters. We were asked 
to see the patient at this time because of the 
troublesome incontinence. A resection of the 
denervated bladder and reconstruction were 
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carried out. Although insufficient time has elap- 
sed for satisfactory bladder capacity or to eval- 
uate the result adequately, she has had some 
control of micturition, except during periods of 
recurrence of pyelonephritis. 

These preliminary observations suggest that 
the introduced technique is a feasible and prac- 
tical clinical method of bladder reconstruction. 
The concept is well established on experimental 
evidence; the precise details of the technique 
should be considered in a developmental phase. 
The results, thus far, are encouraging. It is 
believed that the procedure may find a place in 
the management of vesical carcinoma, neuro- 
genic bladder, the small contracted bladder re- 
sulting from healed tuberculosis or other specific 
infections, and interstitial cystitis. Of interest are 
the physiologic or neurophysiologic implica- 
tions involved in substituting intestinal smooth 
muscle innervated by the vagus for vesical smooth 
muscle innervated by the sacral parasympathic 
nerves. 


SUMMARY 


1. The peculiar qualities of the reversed 
seromuscular intestinal graft make it an ideal 
source material for intraperitoneal reconstruc- 
tive procedures. 

2. A technique for functional, as well as ana- 
tomic, reconstruction of the urinary bladder 
using this graft is described with preliminary 
results and observations on 4 clinical cases. 
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THE SURGEON’S LIBRARY 





Reviews of New Books 


No onE who notes the names of the editors of Surgery: 
Principles and Practice\—J. Garrott Allen, Henry N. 
Harkins, Carl A. Moyer, and Jonathan E. Rhoads, 
and of their distinguished collaborators in special 
fields—would doubt that their combined efforts 
would result in a noteworthy textbook. When, fur- 
thermore, he catches a glimpse from the preface of the 
arduous time and effort the editors, who have them- 
selves contributed one-half of the volume, put forth to 
achieve their aim he cannot help but realize that they 
put their hearts and souls into the task. The result 
fully justifies their efforts. 

This new textbook is painstakingly and soundly 
documented on the surgical experience and investi- 
gations not only of the editors and of the contributing 
editors but also upon those of the many workers in 
every field of surgery to whom credit is given in the 
extensive bibliography that follows each chapter. The 
current views regarding surgical diagnosis and treat- 
ment are set forth in a 1,495 page volume which is 
exceedingly well organized and beautifully printed to 
permit ease in reading. 

Throughout the first 307 pages the authors have 
most interestingly summarized the basic sciences as 
they apply to the field of surgery. The recent advances 
in medicine and surgery that have resulted from the 
development of the sciences of bacteriology, chemis- 
try, and physics cannot be challenged, as one must 
realize as he reads the chapters pertaining to surgical 
bacteriology, fluid and electrolyte balance, nutrition, 
shock, and isotope techniques. The subject of anes- 
thesia is carefully considered and discussed without 
comments upon the technical aspects of this field. 

In the following 135 pages fractures and disloca- 
tions are discussed in an unusually appealing manner. 
This section includes a short chapter on surgery of 
the hand, which one could wish, in view of the im- 
portance of the subject, were more comprehensive. 

The framework of this book lies in the 677 pages 
which are preceded by a chapter on military surgery. 
It presents an immense amount of material in a con- 
sideration of the specific regions of the body. Logi- 
cally, the skin and subcutaneous tissue are discussed 
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first and this section ends with a chapter on carcinoma 

of the lung and tumors of the thorax. Within the con- 

fines of these pages both student and experienced sur- 

geon can enrich his knowledge since compactness and 

completeness have keenly sharpened the authors’ 
ns. 

The section on surgery of the thyroid, thymus, and 
parathyroids is extremely well written and represents 
an excellent summary of current information in this 
field. In general, the endocrine system is well re- 
viewed and accepted principles are detailed. Includ- 
ing a 30 page chapter on the spleen, 376 pages are 
utilized to emphasize the surgical principles appli- 
cable to the gastrointestinal tract and accessory or- 
gans. The authors have used both line drawings and 
diagrams to simplify and reiterate many basic princi- 
ples now accepted by the surgical profession. The 
section on anorectal lesions is very well done and the 
excellent diagrammatic drawings will help every 
student to understand better an area about which he 
is often confused. Hernia forms a postscript to the 
section mentioned. This important subject is discussed 
in masterly style and illustrated with excellent line 
and halftone drawings which emphasize the princi- 
ples of repair of inguinal and diaphragmatic hernias. 
The less common hernias are also considered. 

Approximately 48 pages are devoted to peripheral 
vascular surgery. The authors have covered this field 
in a simple but comprehensive manner. 

With a similar method in both style and space 
cardiac surgery is presented. The author has care- 
fully described lesions of the heart and great vessels 
and has used extreme open-mindedness in discussing 
the surgical correction of the various lesions con- 
sidered. 

A section of 64 pages covers the field of thoracic 
surgery, including the lung and thoracic cage. Pul- 
monary tuberculosis is given special attention, and, 
finally and properly, carcinoma of the lung and tu- 
mors of the thorax are presented in a concise but in- 
formative manner. 

In 46 pages the principles of general plastic surgery 
are described and the authors have combined both 
photographs and line drawings to demonstrate, reit- 
erate, and emphasize the fundamental surgical ave- 
nues to obtain desired reconstructive results. The gen- 
eral field is excellently described and specific details 
are simplified. Repair of a cleft lip is a good example. 
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A special section on pediatric surgery is included. 
Within these 37 pages the author describes the com- 
mon lesions of the head and neck, the thorax, and 
the gastrointestinal tract to which infants and chil- 
dren are prone. 

To make this new surgical volume complete the 
final sections of the textbook are devoted to the sur- 
gical specialties, namely, gynecology, urology, ortho- 
pedics, and neurosurgery. In these last 195 pages 
basic informative and modern ideas are presented. 
The authors have been conscious of their responsibil- 
ity and have summarized their respective regions in 
an outstanding manner. No student or physician 
could possibly read these sections without being im- 
pressed by the simplicity of presentation and the basic 
philosophy contained therein. 

This new surgical textbook is sound and embraces 
most of the surgical sphere as it is now conceived. In 
this reader’s mind the editors have accomplished the 
important task which they proposed in their objec- 
tives. Unquestionably this treatise represents a task 
well done. It is highly recommended to every student 
and physician working in the field of surgery. 

—Vinton E. Siler. 


NIEBURGS’ BOOK entitled Cytologic Technics for Office and 
Clinic? is designed to cover all the cytologic tech- 
niques applied in the diagnosis of malignancies, as 
well as hormonal activity, by a study of vaginal ex- 
foliative cytology. The book is a product of laboratory 
experience and an extensive survey of the literature, 
and is closely tied to the needs of pathologists, cytolo- 
gists, gynecologists, and general practitioners. 

There are 26 chapters with good illustrations, the 
best being those dealing with the diagnosis of carci- 
noma of the cervix, in which the author points out 
modern concepts concerning the importance of the 
morphology of the malignant cells in relation to the 
prognosis before and after radiation therapy. All the 
statements are based on personal experience and sup- 
ported by recent publications. Of particular interest 
is the evaluation of methods for obtaining cells from 
the cervix in correlation with the degree of accuracy 
in diagnosis. The chapter devoted to the procedures 
for estimation of hormonal activity has detailed il- 
lustrations and explanations. The mucus arborization 
test (Fern test) is briefly discussed. 

An exaggerated estimate of accuracy is given to the 
cytologic method in the diagnosis of primary tumors 
by the examination of cells obtained from serous 
effusions and secretions. Such accuracy is probably 
achieved by extremely experienced cytopathologists 
but is beyond the limitations of the average patholo- 
gist. Some other techniques, such as those of surface 
abrasion methods in tumors of the colon and stomach 
are evaluated, but on the basis of a limited experience 
and few references. 

The final chapters give important suggestions about 
mailing slides, training of personnel, and laboratory 
procedures. A complete bibliography is appended. 

This book should serve as a useful reference volume 
upon this subject. — Hector Marquez. 

*CyroLtocic TecHnics ror Orrice AnD Cuinic. By H. E. 


Nieburgs, M.D. 233 pages, 171 illustrations. $7.75. New York, 
London: Grune & Stratton, 1956. 


CONGENITAL ANOMALIES of the viscera are common. 
They may present a clinical picture at birth or during 
the first few days of life which demands immediate 
surgical intervention; they may exist throughout a 
person’s life and in no way impair his health; they 
may, in exceptional cases, cause trouble only in old 
age. They are, therefore, the concern of the obste- 
trician, the specialist in pediatrics, the family doctor, 
and very often the surgeon. 

The clinical problem to which they give rise may 
be a very typical one, easily recognized, well under- 
stood, and easy of correction; it may be very obscure 
and may tax to the utmost the ingenuity and resource- 
fulness of the doctor in his effort to figure out a basic 
explanation; it may necessitate an extremely com- 
plicated and often a very hazardous surgical opera- 
tion. 

It is no wonder, therefore, that a new book of the 
caliber of Congenital Anomalies of the Viscera® will be 
received with enthusiasm by the medical profession. 
Its author, J. L. Bremer, Professor Emeritus of Anat- 
omy at Harvard University, is an authority in the 
field of embryology, and, being closely associated 
with the work at the Children’s Hospital in Boston, 
he has become familiar with clinical problems, many 
of which have their origin in some developmental 
defect. In his own words he has attempted in this book 
to “gratify a need of further knowledge of the later 
fetal or prenatal or even post-natal growths and ab- 
normal possibilities as well as the normal sequences 
of developmental processes.” 

This little volume is clearly and simply written, but, 
as I have personally found out, it cannot be read in 
an evening like a dime novel. It requires many hours 
of careful study of the text and very close scrutiny of 
the many intricate diagrams and drawings, many of 
which have been used before in the author’s previous 
publications on embryology, some of which have been 
taken from Dr. Gross’ text on The Surgery of Infancy 
and Childhood. 

In any event, the effort put forth in the study .of this 
book will be very rewarding. —Edwin M. Miller. 


DuRING THE LAST FEW DECADES neurosurgery has 
progressed from the removal of tumors to the treat- 
ment or correction of functional troubles. In the book, 
Neurochirurgie fonctionnelle,4 Pierre Wertheimer discusses 
the possibilities of surgical treatment of motor dis- 
turbances, pain, mental diseases, cerebral vascular 
changes, and of disturbances of the circulation of the 
cerebrospinal fluid. Most of the conditions the author 
discusses were not considered amenable to surgical 
treatment 30 years ago. Such treatment involves trials 
to correct functional troubles without treating their 
cause. 

The first part deals with motor disturbances of the 
voluntary and involuntary nervous system, and in- 
cludes tremor, dyskinesia, athetosis, and spastic paral- 
ysis of childhood. The anatomy, physiopathology, 
and surgical techniques are briefly discussed, and the 

3CONGENITAL ANOMALIES OF THE VISCERA; THEIR EMBRYO- 
LOGICAL Basis. By J. Lewis Bremer, M.D. 202 pages, 89 illustra- 
tions. $5.00. Cambridge: Harvard University Press, 1957 

4NEUROCHIRURGIE FONCTIONNELLE. By Pierre Wertheimer 


Preface by Professor René Leriche. 186 pages, 46 illustrations. 
1.500 fr. Paris: Masson et Cie, 1956. 





auth 
conc 
In th 
the i 
ment 
cerns 
parti 
field. 
ciple 
tech: 
possi 
of ce 
the « 


duri 
It cc 
mat 
nate 
Leri 


THE 
of a 
issu 
expt 
witl 
cluc 


fulg 
and 
teck 
the 


cuss 
gral 
dep 
the 

poi 
see! 








author concludes his chapter by stating that definite 
conclusions have not yet been reached in this field. 
In the second part, the author reviews the techniques, 
the indications, and the results of the surgical treat- 
ment of epilepsy. The best chapter in the book con- 
cerns the surgical treatment of pain because of the 
particular knowledge the author has acquired in this 
field. He discusses its physiopathology, gives the prin- 
ciples of surgical treatment, and describes its multiple 
techniques. The last part of the volume describes the 
possibilities of surgical treatment of mental diseases, 
of cerebral vascular changes, and of disturbances of 
the circulation of the cerebrospinal fluid. 

The book is a valuable analysis of the progress made 
during recent years in the solution of these problems. 
It contains an up-to-date bibliography and good sche- 
matic drawings. The surgical techniques, unfortu- 
nately, are poorly illustrated. The preface is by René 
Leriche. —Robert Cote. 


THE MONOGRAPH entitled Bladder Tumors' is a reprint 
of a symposium which appeared in the June 1956, 
issue of Cancer. It presents an analysis of the combined 
experience of the New York and Memorial Hospitals 
with 1,065 cases of carcinoma of the bladder. In- 
cluded in the studies presented are evaluations of the 
efficacy of treatment afforded by local excision and 
fulguration, segmental resection, simple cystectomy, 
and radical cystectomy or pelvic exeneration. The 
technique of radical total cystectomy as employed by 
the authors is presented in detail. 

Throughout this series of papers, the tumors dis- 
cussed are classified with regard to both stage and 
grade. Survival rates are presented with regard to the 
depth of infiltration and histologic appearance of 
the lesion. As a result of these studies, the authors 
point out that the grade and stage of a bladder tumor 
seems to influence the survival more than the type 
of surgical treatment. They conclude that pelvic ex- 
eneration has no place in the treatment of bladder 
tumors. The presence of more than one or two positive 
nodes is said to contraindicate radical surgery. 

The authors favor radical cystectomy or radical 
segmental resection for tumors which have just in- 
vaded the perivesical space. They are inclined toward 
a vigorous surgical approach to the more deeply 
infiltrating high grade tumors confined to the bladder. 
The more conservative forms of therapy are recom- 
mended for the superficial tumors of the bladder. 
Despite this group of recommendations, there seems 
to be little positive evidence in this series of observa- 
tions to engender enthusiasm for a radical surgical 
approach to carcinoma of the bladder. 

This is a carefully documented monograph which 
presents concisely and clearly the results of a broad 
experience with bladder tumors. Although the au- 
thors have presented opinion as well as factual evi- 
dence in these papers, they have constantly distin- 
guished the two. This publication is highly recom- 

SBLADDER Tumors; A Symposium. By Mitchell Brice, II, M.D., 
James L. Green, M.D., John J. Harris, Ph.D., Jack Holden, 
M.D., Gustavus A. Humphreys, M.D., K. T. Ma, M.D., Victor 


F. Marshall, M.D., J. Alan Nichols, M.D., Albert J. Paquin, 
M.D., George R. Prout, M.D., Samuel I. Roland, M.D., and 


Willet F. Whitmore, Jr., M.D. Philadelphia: J.B. Lippincott Co., 
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mended for all who must advise and treat patients 
with tumors of the urinary bladder. 
—Jjohn T. Grayhack. 


THE TEXTBOOK entitled Operative Surgery® consisting of 
853 pages is divided into 28 chapters and encompasses 
the entire field of surgery. The method of presentation 
of the material includes a brief review of the surgical 
anatomy involved, the indications for surgery, the 
choice of procedure, and, in some instances, pre- 
operative and postoperative treatment is discussed. 
There are ample and excellent illustrations of the 
surgical procedures described, and a total of 623 fig- 
ures augment the text. The purpose of the book, as 
stated by the author, is to present, from the view- 
point of the general surgeon, all the operations that 
the junior in general surgery is likely to undertake, 
or in which he may have to assist. In addition, such 
specialized procedures as he may be required to do, 
when more expert help is not available, are included. 
Thus, the material includes general abdominal sur- 
gery, neurosurgery, orthopedic surgery, and genito- 
urinary surgery. 

In general, all standard surgical procedures are 
clearly presented in conformity with the most recent 
knowledge on the subject. Some recommendations 
may be controversial, but, in most instances, the fact 
that there is controversy is made apparent. Some of 
these recommendations follow: 

1. The use of sulfonamide and penicillin dusting 
powder is suggested in a traumatic skin flap before 
it is sutured in place (page 186). 

2. Simple mastectomy combined with radiotherapy 
is advised in the treatment of carcinoma of the breast 
(page 366). Statistics from the Royal Infirmary of 
Edinburgh are presented to indicate that the 5 year 
survival rate is better in patients treated by this 
method, than by the method of radical mastectomy, 
either with or without radiotherapy. 

3. Carcinoma of the esophagus (page 399) is stated 
to be “fone of the less aggressive malignant tumors, 
and for a long time it is no more than locally inva- 
sive.” The wide unsuspected submucosal spread these 
tumors often exhibit, when the surgical specimen is 
examined, does not seem to warrant this opinion. 

4. The use of gastrojejunostomy alone (page 457) is 
advised for: “a, patients between 35 and 55 with 
pyloric stenosis associated with low acid values in the 
gastric juice; b, patients over 55, with or without 
stenosis, but again with low acid values.” 

There may be considerable doubt in the minds of 
some, as to whether these are wise recommendations, 
considering the known incidence of marginal ulcer 
after gastrojejunostomy alone, in spite of apparent 
acid values. 

This book seems to fulfill the purpose for which it 
was written, and would supply a useful reference for 
the surgical resident in training.—Lawrence Chaffin. 


Morpuo coecy has long been the cornerstone of hema- 
tology, and in the 629 pages of the quite remarkable 


*TEXTBOOK OF OPERATIVE SurRGERY. By Eric L. Farquharson, 
M.D.,F.R.C.S. (Ed.), F.R.C.S. (Eng.).853 pages, 623illustrations. 
$15.00. Edinburgh and London: E. S. Livingstone Ltd.; 


Baltimore: The Williams & Wilkins Co., 1954. 
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book, Cytology of the Blood and Blood-Forming Organs,’ 
Dr. Bessis has brought morphologic hematology for- 
ward in giant steps. Though he has retained some of 
the descriptions familiar to classical hematology, he 
has largely confined himself to a presentation of the 
living blood cells and their ultra structure as defined 
by the advanced methods of electron and phase 
microscopy. Much of the work presented is the au- 
thor’s own, and it serves as an insight into the skill of 
this investigator. 

Part 1 of the book (5 chapters) deals with the tech- 
niques of hematologic study. It includes methods of 
collection and preparation of hematopoietic tissues; 
the utilization of electron, phase, polarized, fluores- 
cent, and ultraviolet microscopy; the application of 
cytochemical techniques; and the methods of experi- 
mental cytology as applied to blood cells. Part 2 is 
devoted to general observations on the pathophysi- 
ology of hematopoietic cells. Part 3 is a detailed 
analysis of the different blood cell series as revealed 
by the present day morphologic techniques. 

The book is replete with splendid photomicro- 
graphs obtained by phase contrast and electron 
microscopy, and the detail pictured is exciting. It 
demands of the reader a revitalized understanding of 
morphology if, in the words of the author, “. . . for no 
other reason than that the techniques and what they 
will disclose belong to the future.” 

The bibliography is well chosen and contains nu- 
merous review references. Nomenclature is at times 
awkward, but the translator is to be commended for 
an excellent job in a field in which nomenclature is 
frequently at best an awkward situation. 

This book is highly recommended to the hema- 
tologist. As a source book in morphologic hematology, 
its scope and detail are masterful. 

— Walter A. Rambach. 


CuRRENT TEACHING OF ELECTROCARDIOGRAPHY em- 
phasizes the analytic rather than the empiric ap- 
proach, the premise being that the electrocardi- 
ographer who understands “‘why” a given alteration 
occurs will be able to employ this diagnostic medium 
in a more definitive and accurate manner than one 
who has merely memorized a series of patterns each 
of which has been assigned to a given -anatomic or 
physiologic abnormality. Application of this technique 
is predicated upon some knowledge of the basic elec- 
trophysiology of cardiac muscle, and most standard 
textbooks of electrocardiography present this facet of 
the subject in greater or lesser extent. However, to 
my knowledge, none probes so deeply and so criti- 
cally into this particular aspect of electrocardiography 
as the text New Bases of Electrocardiography* by Demetrio 
Sodi-Pallares. 

The author is the Chief of the Department of Elec- 
trocardiography at the National Institute of Cardi- 
ology in Mexico where investigators have been es- 
pecially active for the past decade in exploring funda- 


7CYTOLOGY OF THE BLOOD AND BLoop-Forminc Oroans. By 
Marcel Bessis. Translated by Eric Ponder. New York and 
London: Grune & Stratton, 1956. 

8New Bases oF ELECTROCARDIOGRAPHY. By Demetrio Sodi-Pal- 
lares, M.D. With the collaboration of Royall M. Calder, M.D., 
— — Translation. 727 pages, 523 illustrations. $18.50. 

t. Louis: 


he C. V. Mosby Co., 1956. 








mental electrocardiographic problems. In essence, the 
book represents scholarly summarization of this work 
integrated with respect to previous concepts as well 
as to the findings of contemporary researchers. Al- 
though it should not be misconstrued as an all in- 
clusive text of clinical electrocardiography (the entire 
field of the arrhythmia is intentionally omitted) it 
covers a wide area of electrocardiographic interest in 
an unusually definitive fashion. Mathematic and 
physical principles pertaining to electrocardiography 
are reviewed in detail. The contributions of Eintho- 
ven, Wilson, Lewis, and others are described and 
criticized in light of more recent investigations. The 
newer techniques of vectorcardiography and intra- 
cavitary electrocardiograms are presented as well as 
the considerable information concerning the activa- 
tion process of the human heart that has been ob- 
tained by the latter technique. The data derived by 
these methods in various clinical entities are discussed. 
The ventricular gradient is defined in lucid terms 
and its clinical value assessed. Findings from the 
author’s own institution of special clinical interest in- 
clude Cabrera’s ventricular overloading theory which 
demonstrates the value of the electrocardiogram in 
permitting hemodynamic as well as anatomic corre- 
lation; and his studies on bundle branch block by 
means of a bipolar intracavitary electrocardiogram 
with leads placed on each side of the interventricular 
septum. —Gerry A. Smyth. 


IT 18 THE OCCASIONAL LOT of the reviewer to consider 
a book which is wholly delightful from start to finish, 
and so absorbing that his task is complete almost 
before he is aware that it has started. Monro Kerr's 
Operative Obstetrics® is such a book. The author of this 
superlative text, J. Chassar Moir, is a distinguished 
obstetric scholar and practitioner. His wide experi- 
ence and his unusual ability as teacher and author 
are among the factors which make this particular 
volume unique among obstetric texts. 

This is by no means an undergraduate text, having 
been prepared for “‘obstetricians trained and in train- 
ing.” It carefully avoids discussion of the anatomy, 
basic physiology, and all other fundamental material 
which is included in the usual texts that introduce 
the student to the field of obstetrics, and is concerned 
only with the most beautifully meticulous considera- 
tions of the evaluation and management of obstetric 
problems, abnormalities, maneuvers, and surgical 
procedures. The book is astonishingly complete, giv- 
ing detailed consideration and critical evaluation not 
only of standard problems, but also of unusual at- 
tendant occurrences, and is replete with the many 
devices for their solution which are the mark of the 
obstetrician of great experience. 

In addition to the actual subject matter, two other 
factors of great importance to this book must be men- 
tioned. First, the author’s style of writing. Monroe 
Kerr, in previous editions, achieved an unusually 
direct and intimate means of expression which takes 
the reader directly to the case at hand, and creates 


®*Monro Kerr’s Operative Opsstetrics. Edited b ort 
Moir. Hon. LL.D., M.A., M.D., F.R.C.S. (Ed.), . .C.0.G. 
6th ed. 1,008 pages, illustrated $20.00. Baltimore: Williams & 
Wilkins Co., 1956. 
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the air of personal discussion in which the reader 
seems to participate. Chassar Moir has also this re- 
markable ability, which is handsomely illustrated in 
the several sections which have been either entirely 
rewritten, or significantly amended. Secondly, the 
text is beautifully supported throughout by succinct 
case reports to illustrate the matters under consider- 
ation, and by pertinent recent and historical reports 
from the literature which are critically evaiuated. 

In a book of uniform excellence it is not possible to 
select any one section which is outstanding; all are 
outstanding. This book should be read in its entirety 
by all obstetric residents. Obstetricians will find it an 
absorbing and highly rewarding experience to browse 
among its pages, or, as I have done with the greatest 
satisfaction, to read from cover to cover. 

The illustrations, mostly pen and ink, are very in- 
formative and well selected, the format is attractive, 
and the type highly legible. The paper and binding 
are of excellent quality. — David N. Danforth. 


JHE VERY READABLE MONOGRAPH Anesthesia for Surgery 
of the Heart is more thana guide to anesthetic manage- 
ment of heart surgery. It presents a philosophy of 
patient, surgeon, anesthesiologist, internist, relation- 
ship which could be adopted in other fields of surgery 
with great benefit to all concerned, especially to the 
patient. It points out the duties and obligations of 
the anesthesiologist who is a conscientious, well 
rounded consultant, and not just an operating room 
technician. 

The physician interested in heart surgery will find 
the chapters of “History” and “Selection Of Patients” 
both interesting and instructive. The chapters on 
“Preliminary Medication” and “‘Anesthesia Manage- 
ment” stress fundamental principles that are applic- 
able to any good anesthetic procedure. The author’s 
preferred technique is covered in considerable detail 
in the chapter on “Management,” and the entire 
chapter is an excellent reference for both the novice 
and the experienced cardiac anesthesiologist. 

The short (6 page) chapter on “Cardiac Irregu- 
larities”” merits the special attention of both surgeons 
and anesthesiologists. It contains a wealth of useful 
information on one of the most frequent and discon- 
certing complications occurring in the operating 
room. Other anesthetic complications and postanes- 
thetic care are discussed briefly but adequately. 

Emphasizing the need for a thorough understand- 
ing of cardiac anomalies by the anesthesiologist, the 
author devotes a short chapter to each of the con- 
genital and acquired heart lesions which are most 
frequently encountered. 

The entire book is written in clear, concise language 
which is easily understood and followed. It should be 
in the library of every anesthesiologist and cardiac 
surgeon. — William O. McQuiston. 


THE VOLUME entitled Chirurgische Indikationen,™ edited 
by Walter Hess and published by Georg Thieme, 


l0ANESTHESIA FOR SURGERY OF THE Heart. By Kenneth K. 
Keown, M.D., F.A.C.S. 109 pages, illustrated. Springfield: 
Charles C Thomas, 1956. 

NCHIRURGISCHE INDIKATIONEN. By Rudolf Nissen. Edited by 
Walter Hess. 299 ages, 15 illustrations, and 9 tables. DM42.— 
Stuttgart: Georg Thieme Verlag, 1956. 
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Stuttgart, Germany, is dedicated to Professor Rudolf 
Nissen by many of his present and past associates in 
honor of his sixtieth birthday. It is a tribute to Nissen’s 
outstanding work in Munich, Berlin, Istanbul, New 
York, and Basel, and a thoughtful reminder of the 
volume published in 1937 under the same title. 

Fifty-four European and American authors, many 
of them members of the International College of 
Surgeons, have contributed to the 45 papers consti- 
tuting this attractive volume. In most instances, the 
publications appear in the author’s own language 
which may actually present a challenge to the reader 
who cannot easily fight his way through English, 
French, German, Spanish, and Italian. 

It is impossible for a reviewer to give in a limited 
space an extensive and complete account of all the 
excellent articles presented by authors who have long 
been known as experts in the fields they discuss. The 
material, condensed in 9 chapters, deals essentially 
with recent improvements in surgery and surgical 
specialties, all of which have largely developed since 
Nissen’s original publication 20 years ago. The title 
of this book might therefore be misleading, for its 
contents concern rather selected topics. A first chapter 
on generalities emphasizes surgeon-internist team- 
work, operability, the notion of immediate and de- 
layed emergencies, social indications, antibiotics, and 
the use of newer methods of anesthesia. Under surgery 
of the heart, the physiologic basis of heart surgery, 
surgery of the mitral valve, and pericardiectomy are 
discussed. A discussion of surgery of the lungs and 
esophagus is essentially concerned with the treatment 
of carcinoma and bronchiectasis. Carcinoma of the 
stomach and the problems of management encoun- 
tered in massive gastric bleeding and the postgastrec- 
tomy syndrome are dealt with under the heading 
gastric surgery. The chapter on surgery of the biliary 
tree, spleen, and portal vein includes a discussion of 
the indications for sphincterotomy, reintervention on 
the biliary tree, splenectomy, acute cholecystitis, and 
portal hypertention. In the section on urology much 
interest is shown in the use of nephrectomy in cases 
of hypertension, the surgical management of the atonic 
bladder, indications for the various methods of prost- 
atectomy, and transplantation of the ureters. Car- 
cinoma of the breast and cancer of the female genitalia 
both are considered under the heading gynecologic 
surgery. The chapter on surgery of the extremities is 
limited to considerations of such problems as indi- 
cations for plastic replacement of the femoral head, 
bone tumors, peripheral nerve surgery, and sym- 
pathectomy in peripheral vascular disease. Finally, 
under neurosurgery, endocrinology, and ophthal- 
mology interesting papers can be found regarding surgi- 
cal indications in cases of pseudotumor cerebri, severe 
cerebral injuries and pituitary adenomas, surgical 
treatment of detachment of the retina, and a discus- 
sion on the influence of prophylactic iodine therapy 
on the indications for surgical treatment of nontoxic 
nodular goiters in an endemic area. 

In brief, Chirurgische Indikationen is not a textbook 
as its title may lead one to believe. This well edited, 
well illustrated, and attractively presented volume 
will serve as an excellent reference to a well supplied 
medical library. —Fernand R. Schmidt. 








IN AN IMPRESSIVE COMPREHENSIVE VOLUME, Vigesimo- 
septimo Congreso Argentino de Cirurgia, the proceedings 
of the 27th Congress of the Argentine Surgical So- 
ciety are recorded. The week-long meeting consisted 
of presentation of papers, discussions, and panel 
reviews. 

Among the subjects presented in the first plenary 
session was tumors of the parotid, a masterly work 
by Dr. K. Herrero. DuCloux’ congenital equinus 
varus was discussed during the second plenary session, 
whereas surgical treatment of pulmonary tuberculosis 
was the theme of the third meeting. 

These papers comprise the entire volume of 409 
pages, and are remarkable because of their detailed 
coverage of the subjects. Assuredly, an advanced 


12VIGESIMOSEPTIMO CONGRESO ARGENTINO DE Ciruaia. Fasci- 
culo I: Relatos Oficales. President, Dr. Jose A. Caeiro. 409 pages, 
illustrated. Published under the direction of Dr. Alfredo Llam- 
bias. Buenos Aires: En La Secretaira de la Asociacion, 1956. 
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surgery is practiced in Argentina as evidenced by 
these contributions. 

In the resection of the parotid, the technique of R. 
Finochietto or A. Gutierrez is followed. In the case 
of benign tumors, definitive surgical treatment gave 
invariably good results, whereas malignant and mixed 
tumors did not fare as well. 

Regarding equinus varus, the angulation was stud- 
ied by employing mathematic principles and calcu- 
lations, and only after the degree of correction was 
ascertained was surgical correction through osteotomy 
attempted. The technique was’ always performed 
according to one of the more accepted orthopedic 
procedures. 

Tabulation of the results of pulmonary resection 
for tuberculosis in 287 cases showed a cure rate of 
86.5 per cent, 55 of the patients being treated by 
pneumonectomy, 175 by lobectomy, and 57 by seg- 
mental resection. — Stephen A. Zieman. 


ANESTHESIA; A MANUAL FOR STUDENTS AND PHYSICIANS. 
By Stuart C, Cullen, M.D. 5th ed. 295 pages, illus- 
—— $5.50. Chicago: Year Book Publishers, Inc., 
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